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INTRODUCTION 


Unitrode Integrated Circuits Corporation is a recognized leader in the development and 
manufacture of high performance circuits for power management. The company 
provides significant 1C products for switching power supplies, motor drives and special 
function circuits, optimized for smart-power applications: 

We are committed to the creation of new and innovative circuits to serve unique and 
valuable functions. To achieve this goal, we take a totally integrated approach to 
definition, development and production. Design and process engineers work together, 
often directly with customers, so that users can maximize their impact on product 
development. 



Unitrode’s state-of-the art manufacturing facility in Merrimack, New Hampshire, has 
been awarded JAN Microcircuit Certification. The facility includes 65,000 square feet 
dedicated to engineering, wafer fabrication, assembly and testing. Volume assembly 
operations take place at other facilities in the United States and the Far East. 


We are also committed to objectives of the Unitrode Corporation described in its Mission 
Statement: 

“We will continuously improve our techniques for understanding the needs of our 
customers and fulfilling their high value-added requirements. We will deliver quality 
products of superior performance. They will be supplied on time and at a fair price. By 
matching our capabilities and customer needs, we will best achieve our profit-growth 
objective.” 

It is this approach, carried out by dedicated personnel working in the most modern 
facilities, that makes the Unitrode difference — that makes it possible for us to offer the 
best in cost-performance integrated circuits. 

This databook describes our current 1C product lines. We welcome your inquiries about^ 
these devices, or about the development of new ones to meet your specific needs. 



UNITRODE 



Unitrode Corporation makes no representation that 
the use or interconnection of the circuits described 
herein will not infringe on existing or future patent 
rights, nor do the descriptions contained herein 
imply the granting of licenses to make, use or sell 
equipment constructed in accordance therewith. 

© 1987, by Unitrode Corporation. All rights reserved. 
This book, or any part or parts thereof, must not be 
reproduced in any form without permission of the 
copyright owner. 

NOTE: The information presented in this section is 
believed to be accurate and reliable. However, no 
responsibility is assumed by Unitrode Corporation for 
its use. 


Doorbell,® Sensistor,® and Magnum® are 
registered trademarks of Unitrode Corporation 

BISYN™ is a trademark of Unitrode Corporation 

MULTIWATT® is a registered trademark of SGS Corporation 
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L292V 

2A: 35V, H-Bridge; 

3-26 

UC493AJ 

40V; 200mA; Precision 



15 Pin Power Tab 



PWM; Ceramic Dip 

4-12 

L293BN 

lA; 35V; 4 Channel 

3-26 

UC493AN 

40V; 200mA; Precision 



Push-Pull Driver; 



PWM; Plastic Dip 



“Batwing" Plastic Dip 

3-26 

UC494ACJ 

40V; 200mA; Precision 

4-12 

L293D 

lA; 35V; 4 Channel 



PWM; Ceramic Dip 



Driver With Diodes; 

3-26 

UC494ACN 

40V; 200mA; Precision 



"Batwing Plastic Package” 



PWM; Plastic Dip 

5-5 

L295V 

2.5A; 45V; Dual PWM 

3-26 

UC494AJ 

40V; 200mA; Precision 



Solenoid Driver; 



PWM; Ceramic Dip 



15 Pin Power Tab 

3-26 

UC494AN 

40V; 200mA; Precision 

3-7 

L296V 

4A; 40V; High Current 



PWM; Plastic Dip 



Switching Regulator; 

3-26 

UC495ACJ 

40V; 200mA; Precision 



15 Pin Power Tab 



PWM; Ceramic Dip 

4-16 

L298V 

Dual Full Bridge Driver; 

3-26 

UC495ACN' 

40V; 200mA; Precision 



15 Pin Power Tab 



PWM; Plastic Dip 

4-20 

L298DV 

Dual Full Bridge 

3-26 

UC495AJ 

40V; 200mA; Precision 



Driver With Diodes; 



PWM; Ceramic Dip 



15 Pin Power Tab 

3-26 

UC495AN 

40V; 200mA; Precision 

3-15 

UC117K 

1.5A; TO-3; Pos. Adj. Reg. 



PWM; Plastic Dip 


UC120-05K 

l.OA; -5V; TO-3; 

3-26 

UC495BCJ 

Precision PWM w/Buffered 



Precision Fixed Reg. 



Output; Ceramic Dip 

=:< 

UC120-12K 

l.OA; -12V; TO-3; 

3-26 

UC495BCN 

Precision PWM w/Buffered 



Precision Fixed Reg. 



Output; Plastic Dip 

=;= 

UC120-15K 

l.OA; -15V; TO-3; 

3-26 

UC495BJ 

Precision PWM w/Buffered 



Precision Fixed Reg. 



Output; Ceramic Dip 

3-19 

UC137K 

1.5A; TO-3; Neg. Adj. Reg. 

3-26 

UC495BN 

Precision PWM w/Buffered 

❖ 

UC140-05K 

l.OA; -P5V; TO-3; 



Output; Plastic Dip 



Precision Fixed Reg. 

6-15 

UC542J 

High Slew Rate Op-Amp; 


UC140-12K 

l.OA; -P12V; TO-3; 



Ceramic Dip 



Precision Fixed Reg. 

4-24 

UC1517J 

Bilevel Stepper Drive 

- 

UC140-15K 

l.OA; +15V; TO-3; 



Circuit; (ieramic Dip 



Precision Fixed Reg. 

3-30 

UC1524AJ 

60V; 200mA; Precision 

3-22 

UC150K 

3.0A; TO-3; Pos. Adj. Reg. 



PWM; Ceramic Dip 

6-11 

UC161J 

Quad Comparator; 

3-34 

UC1524J 

40V; 100mA; PWM; 



Ceramic Dip 



Ceramic Dip 

6-11 

UC161J/883 

Quad Comparator; 

3-39 

UC1525AJ 

40V; 500mA; Precision 



Ceramic Dip 



PWM; Ceramic Dip 

5-9 

UC195H,K 

Smart Power Transistor; 

3-46 

UC1526AJ 

Advanced Ceramic Dip 



TO-3; TO-5 



High Performance PWM 

3-15 

UC217K 

1.5A; TO-3; Pos. Adj. Reg. 

3-46 

UC1526AJ/883B 

Advanced Ceramic Dip 

3-19 

UC237K 

1.5A; TO-3; Neg. Adj. Reg. 



High Performance PWM 

3-22 

UC250K 

3.0A; TO-3; Pos. Adj. Reg. 

3-52 

UC1526J 

High Performance 

5-9 

UC295H,K 

Smart Power Transistor; 



PWM; Ceramic Dip 



TO-3; TO-5 

3-39 

UC1527AJ 

40V; 500mA; Precision 

3-15 

UC317K 

1.5A; TO-3; Pos. Adj. Reg. 



PWM; Ceramic Dip 

3-15 

UC317T 

1.5A; TO-220; Pos. Adj. Reg. 

3-58 

UC1543J 

Power Supply Supervisory 

* 

UC320-05K 

lA; -5V; TO-3; 



Circuit; Ceramic Dip 



Precision Fixed Reg. 

3-58 

UC1544J 

Power Supply Supervisory 

* 

UC320-12K 

lA; -12V; TO-3; 



Circuit; Ceramic Dip 



Precision Fixed Reg. 

4-30 

UC1610J 

Dual Schottky Diode 

* 

UC320-15K 

lA; -15V; TO-3; 



Bridge; 8-Pin; 



Precision Fixed Reg. 



Ceramic Dip 

3-19 

UC337K 

1.5A; TO-3; Neg. Adj. Reg. 

3-62 

UC1611J 

Schottky Array; 

3-19 

UC337T 

1.5A; TO-220; Neg. Adj. Reg. 



Ceramic Dip 

* 

UC340-05K 

lA; +5V; TO-3; 

4-32 

UC1633J 

Phase Locked Controller; 



Precision Fixed Reg. 



Ceramic Dip 

>:< 

UC340-12K 

lA; +12V; TO-3; 

4-39 

UC1634J 

Phase Locked Controller; 



Precision Fixed Reg. 



Ceramic Dip 

* 

UC340-15K 

lA; -H5V; TO-3; 

4-42 

UC1637J 

500mA; 40V; PWM DC Servo 



Precision Fixed Reg. 



Motor Control Chip; 

3-22 

UC350K 

3A; TO-3; Pos. Adj. Reg. 



Ceramic Dip 

5-9 

UC395H,K 

Smart Power Transistor; 

5-14 

UC1704J 

Bridge Transducer Switch; 



TO-3; TO-5 



-25°C to +125°C; 

3-26 

UC493ACJ 

40V; 200mA; Precision 



Ceramic Dip 



PWM; Ceramic Dip 




3-26 

UC493ACN 

40V; 200mA; Precision 






PWM; Plastic Dip 
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5-18 

UC1705J 

Low Cost High Speed 

3-39 

UC2525AN 

40V; 500mA; Precision 



Driver; Ceramic Dip 



PWM; Plastic Dip 

5-21 

UC1706J 

Dual Output Driver; 

3-46 

UC2526AJ 

Advanced High 



Ceramic Dip 



Performance PWM; 

5-25 

UC1707J 

Dual Uncommitted Power 



Ceramic Dip 



Drivers; Ceramic Dip 

3-46 

UC2526AN 

Advanced High 

5-25 

UC1707J/883 

Dual Uncommitted Power 



Performance PWM; 



Drivers; Ceramic Dip 



Plastic Dip 

4-50 

UC1717J 

lA; 40V; Stepper Motor 

3-52 

UC2526J 

High Performance PWM; 



Drive Circuit; 



Ceramic Dip 



Ceramic Dip 

3-52 

UC2526N 

High Performance 

5-31 

UC1728P 

Dual Smart Switch; 



PWM; Plastic Dip 



Power Ceramic Dip 

3-39 

UC2527AJ 

40V; 500mA; Precision 

3-64 

UC1730J 

Temperature & Airflow 



PWM; Ceramic Dip 



Sensor; Ceramic Dip 

3-39 

UC2527AN 

40V; 5p0mA; Precision 

3-68 

UC1823J/883B 

Single Output IMHz 



PWM; Plastic Dip 



PWM; Ceramic Dip 

3-58 

UC2543J 

Power Supply Supervisory 

3-74 

UC1825J 

Dual Output IMHz 



Circuit; Ceramic Dip 



PWM; Ceramic Dip 

3-58 

UC2543N 

Power Supply Supervisory 

3-74 

UC1825J/883B 

Ultra High Frequency 



Circuit; Plastic Dip 



PWM; Ceramic Dip 

3-58 

UC2544J 

Power Supply Supervisory 

3-81 

UC1834J 

High Efficiency 



Circuit; Ceramic Dip 



Linear Regulator; 

3-58 

UC2544N 

Power Supply Supervisory 



Ceramic Dip 



Circuit; Plastic Dip 

3-85 

UC1835J 

Low Cost, High 

4-32 

UC2633J 

Phase Locked Controller; 



Efficiency Regulator; 



Ceramic Dip 



Ceramic Dip 

4-32 

UC2633N 

Phase Locked Controller; 

3-85 

UC1836J 

Adjustable High 



Plastic Dip 



Efficiency Regulator; 

4-39 

UC2634J 

Phase Locked Controller; 



Ceramic Dip 



Ceramic Dip 

3-88 

UC1838J 

Magnetic Amplifier 

4-39 

UC2634N 

Phase Locked Controller; 



Control Circuit; 



Plastic Dip 



Ceramic Dip 

4-42 

UC2637J 

500mA; 40V; PWM DC Servo 

3-91 

UC1840J 

40V; 200mA; PWM 



Motor Control Chip; 



Controller; Ceramic Dip 



Ceramic Dip 

3-99 

UC1841J 

Programmable, Off-line 

4-42 

UC2637N 

500mA; 40V; PWM DC Servo 



PWM; Ceramic Dip 



Motor Control Chip; 

3-107 

UC1842J 

Low Cost Current Mode 



Plastic Dip 



PWM; Ceramic Dip 

3-64 

UC2730J 

Temperature and 

3-107 

UC1843J 

Low Cost Current Mode 



Airflow Sensor; 



PWM, Ceramic Dip 



Ceramic Dip 

3-107 

UC1843J/883B 

Low Cost Current Mode 

3-64 

UC2730N 

Temperature and 



PWM; Ceramic Dip 



Airflow Sensor; 

3-107 

UC1844J 

Low Cost Current Mode 



Plastic Dip 



PWM; Ceramic Dip 

3-64 

UC2730T 

Temperature and 

3-107 

UC1845J 

Low Cost Current Mode 



Airflow Sensor; 



PWM; Ceramic Dip 



TO-220 

3-113 

UC1846J 

Current Mode PWM; 

3-68 

UC2823J 

Single Output IMHz 



Ceramic Dip 



PWM; Ceramic Dip 

3-113 

UC1847J 

Current Mode PWM; 

3-68 

UC2823N 

Single Output IMHz 



Ceramic Dip 



PWM; Plastic Dip 

3-121 

UC1860J 

Resonant Mode Controller; 

3-74 

UC2825J 

Dual Output IMHz 



Ceramic Dip 



PWM; Ceramic Dip 

3-122 

UC1901J 

Isolated Feedback 

3-74 

UC2825N 

Dual Output IMHz 



Generator; Ceramic Dip 



PWM; Plastic Dip 

3-126 

UC1903J 

Triple Voltage and Line 

3-81 

UC2834J 

High Efficiency Linear 



Monitor; Ceramic Dip 



Regulator; Ceramic Dip 

3-30 

UC2524AJ 

60V; 200mA; Precision 

3-81 

UC2834N 

High Efficiency Linear 



PWM; Ceramic Dip 



Regulator; Plastic Dip 

3-30 

UC2524AN 

60V; 200mA; Precision 

3-85 

UC2835J 

Low Cost, High 



PWM; Plastic Dip 



Efficiency Regulator; 

3-34 

UC2524J 

40V; 100mA; PWM; 



Ceramic Dip 



Ceramic Dip 

3-85 

UC2835N 

Low Cost, High 

3-34 

UC2524N 

40V; 100mA; PWM; 



Efficiency Regulator; 



Plastic Dip 



Plastic Dip 

3-39 

UC2525AJ 

40V; 500mA; Precision 

3-85 

UC2836J 

Adjustable High 



PWM; Ceramic Dip 



Efficiency Regulator; 






Ceramic Dip 
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3-85 

UC2836N 

Adjustable High 

3-30 

UC3524AN 

50V; 200mA; Precision 



Efficiency Regulator; 



PWM; Plastic Dip 



Plastic Dip 

3-34 

UC3524J 

40V: lOOmA; PWM; 

3-88 

UC2838J 

Magnetic Amplifier 



Ceramic Dip 



Control Circuit: 

3-34 

UC3524N 

40V: lOOmA; PWM; 



Ceramic Dip 



Plastic Dip 

3-88 

UC2838N 

Magnetic Amplifier 

3-39 

UC3525AJ 

40V; 500mA: Precision 



Control Circuit: 



PWM; Ceramic Dip 



Plastic Dip 

3-39 

UC3525AN 

40V; 500mA; Precision 

3-91 

UC2840J 

40V: 200mA: PWM 



PWM; Plastic Dip 



Controller; Ceramic Dip 

3-46 

UC3526AJ 

Advanced High 

3-91 

UC2840N 

40V; 200mA: PWM 



Performance PWM; 



Controller; Plastic Dip 



Ceramic Dip 

3-99 

UC2841J 

Programmable, Off-line 

3-46 

UC3526AN 

Advanced High 



PWM; Ceramic Dip 



Performance PWM; 

3-99 

UC2841N 

Programmable, Off-line 



Plastic Dip 



PWM; Plastic Dip 

3-52 

UC3526J 

High Performance 

3-107 

UC2842J 

Low Cost Current Mode 



PWM; Ceramic Dip 



PWM; Ceramic Dip 

3-52 

UC3526N 

High Performance 

3-107 

UC2842N 

Low Cost Current Mode 



PWM; Plastic Dip 



PWM; Plastic Dip 

3-39 

UC3527AJ 

40V; 500mA: Precision 

3-107 

UC2843J 

Low Cost Current Mode 



PWM; Ceramic Dip 



PWM; Ceramic Dip 

3-39 

UC3527AN 

40V; 500mA; Precision 

3-107 

UC2843N 

Economy PWM; 



PWM; Plastic Dip 



Plastic Dip 

3-58 

UC3543J 

Power Supply Supervisory 

3-107 

UC2844J 

Low Cost Current Mode 



Circuit; Ceramic Dip 



PWM; Ceramic Dip 

3-58 

UC3543N 

Power Supply Supervisory 

3-107 

UC2844N 

Low Cost Current Mode 



Circuit; Plastic Dip 



PWM; Plastic Dip 

3-58 

UC3544J 

Power Supply Supervisory 

3-107 

UC2845J 

Low Cost Current Mode 



Circuit; Cieramic Dip 



PWM; Ceramic Dip 

3-58 

UC3544N 

Power Supply Supervisory 

3-107 

UC2845N 

Low Cost Current Mode 



Circuit; Plastic Dip 



PWM; Plastic Dip 

4-30 

UC3610J 

Dual Schottky Diode 

3-113 

UC2846J 

Current Mode PWM; 



Bridge; Ceramic Dip 



Ceramic Dip 

4-30 

UC3610N 

Dual Schottky Diode 

3-113 

UC2846N 

Current Mode PWM; 



Bridge; Plastic Dip 



Plastic Dip 

3-62 

UC3611J 

Schottky Array; 

3-113 

UC2847J 

Current Mode PWM; 



Ceramic Dip 



Ceramic Dip 

3-62 

UC3611N 

Schottky Array: 

3-113 

UC2847N 

Current Mode PWM; 



Plastic Dip 



Plastic Dip 

4-61 

UC3620V 

3-Phase DC Motor 

3-121 

UC2860J 

Resonant Mode Controller; 



Controller: Power SIP 



Ceramic Dip 

4-66 

UC3622V 

Switchmode Brushless 

3-121 

UC2860N 

Resonant Mode Controller; 



DC Motor Driver; 



Plastic Dip 



15-Pin Power Tab 

3-122 

UC2901J 

Isolated Feedback 

* 

UC3623V 

Low Noise Brushless 



Generator; Ceramic Dip 



DC Motor Driver; 

3-122 

UC2901N 

Isolated Feedback 



15 Pin Power Tab 



Generator; Plastic Dip 

4-32 

UC3633J 

Phase Locked Controller; 

3-126 

UC2903J 

Triple Voltage and Line 



Ceramic Dip 



Monitor; Ceramic Dip 

4-32 

UC3633N 

Phase Locked Controller; 

3-126 

UC2903N 

Triple Voltage and Line 



Plastic Dip 



Monitor: Plastic Dip 

4-39 

UC3634J 

Phase Locked Controller; 

3-133 

UC2906J 

Lead Acid Battery 



Ceramic Dip 



Charger: Ceramic 

4-39 

UC3634N 

Phase Locked Controller; 

3-133 

UC2906N 

Lead Acid Battery 



Plastic Dip 



Charger; Plastic 

4-42 

UC3637J 

500mA: 40V: PWM DC Servo 

5-33 

UC2950T 

Half Bridge, Bipolar 



Motor Control Chip; 



Switch; 5-Pin TO-220 



Ceramic Dip 

4-58 

UC3176V 

Monolithic Power 

4-42 

UC3637N 

500mA: 40V; PWM DC Servo 



Amplifier 



Motor Control Chip; 



15-Pin Power Tab 



Plastic Dip 

4-24 

UC3517J 

Bilevel Stepper Drive 

4-70 

UC3657V 

Triple Half Bridge 



Circuit: Ceramic Dip 



Power Driver; 

4-24 

UC3517N 

Bilevel Stepper Drive 



15-Pin Power Tab 



Circuit; Plastic Dip 

5-14 

UC3704J 

Bridge Transducer Switch; 

3-30 

UC3524AJ 

50V; 200mA; Precision 



0°C to +70°C; Ceramic Dip 



PWM; Ceramic Dip 

5-14 

UC3704N 

Bridge Transducer Switch; 






O^C to +70°C: Plastic Dip 


* Contact Unitrode 


UNITRODE INTEGRATED CIRCUITS 

7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 , ^ 

TEL. (603) 424-2410 • TELEX 95-3040 J--0 printed in u.s.a. 








PART NUMBER INDEX 


PART NUMBER INDEX 


PAGE 

PART NUMBER 

DESCRIPTION 


DESCRIPTION 

5-18 

UC3705J 

High Speed Power 

3-99 

UC3841J 

Programmable, Off-line 



Driver; Ceramic Dip 



PWM; Ceramic Dip 

5-18 

UC3705N 

High Speed Power 

3-99 

UC3841N 

Programmable, Off-line 



Driver; Plastic Dip 



PWM; Plastic Dip 

5-18 

UC3705T 

Low Cost High Speed 

3-107 

UC3842J 

Low Cost Current Mode 



Driver; 5-Pin TO-220 



PWM; Ceramic Dip 

5-21 

UC3706J 

Dual Output Driver; 

3-107 

UC3842N 

Low Cost Current Mode 



Ceramic Dip 



PWM; Plastic Dip 

5-21 

UC3706N 

Dual Output Driver; 

3-107 

UC3843J 

Low Cost Current Mode 



Plastic Dip 



PWM; Ceramic Dip 

5-25 

UC3707J 

Dual Uncommitted Power 

3-107 

UC3843N 

Low Cost Current Mode 



Drivers; Ceramic Dip 



PWM; Plastic Dip 

5-25 

UC3707N 

Dual Uncommitted Power 

3-107 

UC3844J 

Low Cost Current Mode 



Drivers; Plastic Dip 



PWM; Ceramic Dip 

4-74 

UC3717AN 

Stepper Motor Drive 

3-107 

UC3844N 

Low Cost Current Mode 



Circuit; Plastic Dip 



PWM; Plastic Dip 

4-50 

UC3717J 

lA; 40V; Stepper Motor 

3-107 

UC3845J 

Low Cost Current Mode 



Drive Circuit; 



PWM; Ceramic Dip 



Ceramic Dip 

3-107 

UC3845N 

Low Cost Current Mode 

4-50 

UC3717N 

1A;40V; Stepper Motor 



PWM; Plastic Dip 



Drive Circuit; 

3-113 

UC3846J 

Current Mode PWM; 



Plastic Dip 



Ceramic Dip 

5-36 

UC3720V 

Smart Power Switch; 

3-113 

UC3846N 

Current Mode PWM; 



15 Pin Power Tab 



Plastic Dip 

5-40 

UC3722V 

Five Channel Power Driver; 

3-113 

UC3847J 

Current Mode PWM; 



15 Pin Power Tab 



Ceramic Dip 

5-31 

UC3728N 

Dual Smart Switch; 

3-113 

UC3847N 

Current Mode PWM; 



Plastic Dip 



Plastic Dip 

5-31 

UC3728L 

Dual Smart Switch 

3-140 

UC3850J 

Switching Power Supply 



Ceramic Surface Mount 



Control Sys.; 

,3-64 

UC3730J 

Temperature & Airflow 



Ceramic Pkg. 



Sensor; Ceramic Dip 

3-140 

UC3850N 

Switching Power Supply 

3-64 

UC3730N 

Temperature & Airflow 



Control Sys.; 



Sensor; Plastic Dip 



Plastic Pkg. 

3-64 

UC3730T 

Temperature & Airflow 

3-121 

UC3860J 

Resonant Mode Controller; 



Sensor; TO-220 



Ceramic Dip 

3-68 

UC3823J 

Single Output IMHz 

3-121 

UC3860N 

Resonant Mode Controller; 



PWM; Ceramic Dip 



Plastic Dip 

3-68 

UC3823N 

Single Output IMHz 

3-122 

UC3901J 

Isolated Feedback 



PWM; Plastic Dip 



Generator; Ceramic Dip 

3-74 

UC3825J 

Dual Output IMHz 

3-122 

UC3901N 

Isolated Feedback 



PWM; Ceramic Dip 



Generator; Plastic Dip 

3-74 

UC3825N 

Dual Output IMHz 

3-126 

UC3903J 

Triple Voltage and Line 



PWM; Plastic Dip 



Monitor; Ceramic Dip 

3-81 

UC3834J 

High Efficiency Linear 

3-126 

UC3903N 

Triple Voltage and Line 



Regulator; Ceramic Dip 



Monitor; Plastic Dip 

3-81 

UC3834N 

High Efficiency Linear 

3-133 

UC3906J 

Lead Acid Battery 



Regulator; Plastic Dip 



Charger; Ceramic 

3-85 

UC3835J 

Low Cost, High 

3-133 

UC3906N 

Lead Acid Battery 



Efficiency Regulator; 



Charger; Plastic 



Ceramic Dip 

5-44 

UC5170N 

Octal Single Ended 

3-85 

UC3835N 

Low Cost, High 



Driver; Plastic Dip 



Efficiency Regulator; 

5-44 

UC5170Q 

Octal Single Ended 



Plastic Dip 



Driver; PLCC 

3-85 

UC3836J 

Adjustable High Efficiency 

5-48 

UC5180N 

Octal Line Receiver; 



Regulator; Ceramic Dip 



Plastic Dip 

3-85 

UC3836N 

Adjustable High Efficiency 

5-48 

UC5180Q 

Octal Line Receiver; 



Regulator; Plastic Dip 



PLCC 

3-88 

UC3838J 

Magnetic Amplifier 

5-48 

UC5181N 

Octal Line Receiver; 



Control Circuit; 



Plastic Dip 



Ceramic Dip 

5-48 

UC5181Q 

Octal Line Receiver; 

3-88 

UC3838N 

Magnetic Amplifier 



PLCC 



Control Circuit; 

3-144 

UC7805ACK 

lA; +5V; TO-3; 



Plastic Dip 



Precision Fixed Reg. 

3-91 

UC3840J 

40V; 200mA; PWM 

3-144 

UC7805ACT 

lA; +5V; TO-220; 



Controller; Ceramic Dip 



Precision Fixed Reg. 

3-91 

UC3840N 

40V; 200mA; PWM 

3-144 

UC7805AK 

lA; +5V; TO-3; 



Controller; Plastic Dip 



Precision Fixed Reg. 


=■' Contact Unitrode 
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PART NUMBER INDEX 


PART NUMBER INDEX 



PAGE 

PART NUMBER 

DESCRIPTION 

3-144 

UC7805CK 

lA; +5V: TO-3: Fixed Reg. 

3-144 

UC7805CT 

lA; +5V; TO-220; Fixed Reg. 

3-144 

UC7805K 

lA; +5V; TO-3; Fixed Reg. 

3-144 

UC7812ACK 

lA; +12V: TO-3: 

Precision Fixed Reg. 

3-144 

UC7812ACT 

lA; +12V: TO-220: 

Precision Fixed Reg. 

3-144 

UC7812AK 

lA; +12V: TO-3: 

Precision Fixed Reg. 

3-144 

UC7812CK 

lA: +12V: TO-3: Fixed Reg. 

3-144 

UC7812CT 

lA: -H2V: TO-220 Fixed Reg. 

3-144 

UC7812K 

lA: -H2V: TO-3: Fixed Reg. 

3-144 

UC7815ACK 

lA: +15V: TO-3: 

Precision Fixed Reg. 

3-144 

UC7815ACT 

lA: +15V: TO-220: 

Precision Fixed Reg. 

3-144 

UC7815AK 

lA: -H5V: TO-3: 

Precision Fixed Reg. 

3-144 

UC7815CK 

lA: -f-lSV; TO-3: Fixed Reg. 

3-144 

UC7815CT 

lA: -H5V: TO-220; Fixed Reg. 

3-144 

UC7815K 

lA: -H5V: TO-3: Fixed Reg. 

3-149 

UC7905ACK 

lA; -5V; TO-3: 

Precision Fixed Reg. 

3-149 

UC7905ACT 

lA; -5V; TO-220: 

Precision Fixed Reg. 

3-149 

UC7905AK 

lA: -5V: TO-3; 

Precision Fixed Reg. 

3-149 

UC7905CK 

lA: -5V: TO-3: Fixed Reg. 

3-149 

UC7905CT 

lA; -5V; TO-220: Fixed Reg. 

3-149 

UC7905K 

lA; -5V; TO-3; Fixed Reg. 

3-149 

UC7912ACK 

lA; -12V: TO-3: 

Precision Fixed Reg. 

3-149 

UC7912ACT 

lA; -12V; TO-220: 

Precision Fixed Reg. 

3-149 

UC7912AK 

lA; -12V; TO-3: 

Precision Fixed Reg. 

3-149 

UC7912CK 

lA; -12V: TO-3: Fixed Reg. 

3-149 

UC7912CT 

lA; -12V; TO-220 Fixed Reg. 

3-149 

UC7912K 

lA; -12V: TO-3; Fixed Reg. 


UC7915ACK 

lA; -15V; TO-3; 

Precision Fixed Reg. 

3-149 

UC7915ACT 

lA; -15V: TO-220; 

Precision Fixed Reg. 

3-149 

UC7915AK 

lA; -15V; TO-3: 

Precision Fixed Reg. 

3-149 

UC7915CK 

lA; -15V; TO-3: Fixed Reg. 

3-149 

UC7915CT 

lA; -15V: TO-220: Fixed Reg. 

3-149 

UC7915K 

lA; -15V; TO-3: Fixed Reg. 

OP AMPS 

6-4 

UCOPOIJ 

High Speed Op-Amp; 

Ceramic Dip 

6-4 

UCOPOIGJ 

High Speed Op-Amp; 

Ceramic Dip 

6-4 

UCOPOICN 

High Speed Op-Amp; 

Plastic Dip 

6-4 

UCOPOIHN 

High Speed Op-Amp; 

Plastic Dip 

6-8 

UCOP02J 

High Speed Op-Amp; 

Ceramic Dip 

6-8 

UCOP02AJ 

High Speed Op-Amp; 

Ceramic Dip 

6-8 

UCOP02BJ 

High Speed Op-Amp; 

Ceramic Dip 

6-8 

UCOP02CN 

High Speed Op-Amp; 

Plastic Dip 

6-8 

UCOP02DN 

High Speed Op-Amp; 

Plastic Dip 

6-8 

UCOP02EN 

High Speed Op-Amp; 

Plastic Dip 


Contact Unitrode 
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GENERAL INFORMATION 


QUALITY STATEMENT 


To become the recognized leader in the areas of quality and reliability, Unitrode Integrated 
Circuits Corporation has established and will continue to maintain high standards of design and 
workmanship that equal or surpass those sustained within our industry. 

Further, it is our intent to consistently demonstrate quality conformance through professional 
leadership, technological commitment, and dedicated human resource. 

To this end, Unitrode Integrated Circuits will continue to assure ongoing customer satisfaction. 



4/87 


2-3 


UNITRODE 


GENERAL INFORMATION 


UNITRODE INTEGRATED CIRCUITS PROCESS FLOW 



UNITRODE ASSEMBLY 
PACKAGE CODE 

ASSEMBLY LOCATION 
CLASS B PRODUCT 

K 

Korea 

B 

Thailand 

P 

Philippines — S.D.P.I. 

T 

Philippines — Telefunken 

I I U.S.A. - Indy | 

P 

I Singapore | 
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GENERAL INFORMATION 


PACKAGE CROSS REFERENCE 





.gs 





f 


PLASTIC 

DIP 

CERAMIC 

DIP 

MULTIWATT® 

PLCC 

LCC 

SOIC 

TO-3 

TO-220 

UNITRODE 

N 

J 

V 

Q 

L 

D 

K 

T 

Linear 

Tech 

N,N8 

J, J8 

- 

- 

L 

5, 58 

K 

T 

Integrated 

Power 

N 

J, L 

- 

— 

L 

D 

K 

T 

SGS 



hhhh 

bbbi 


— 

K 

— 

Silicon 

General 

M, N 

J.Y 

- 

- 

L 

- 

K 

P 

Texas 

Instru- 

ments 

P, N 

J, JG 

- 

FN 

FC 

D. DW 

K 

KC 


N 

F 

— 

— 


D 

— 

U 

National 

N 

J 

— 

— 

— 

— 

K, KC 

T 

Motorola 

P 

U 

— 

FN 

— 

D 

K. KC 

T 

Fairchild 

T,P 

D, R 

— 

— 

L 

— 

K 

U 

Sprague 

A, M.B 

R 

— 

E 

— 

■bhi 

V 

T 
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GENERAL INFORMATION 


ORDERING INFORMATION 


A. PART NUMBER DESIGNATORS 


UC XXXX A C K/883B 

I ' SCREENING TO MIL-STD-833 

' PACKAGE STYLE (SEE B) 

LEHER ”C'MS USED FOR 

COMMERCIAL TEMPERATURE RANGE. 

NOTE: NO LEHER IS REQUIRED FOR 
MILITARY TEMPERATURE RANGE. 

LEHER "A" DESIGNATES IMPROVED VERSION 

GENERIC OR PRODUCT PART NUMBER 

UNITRODE CORPORATION/INTEGRATED CIRCUITS 


0022-1 


B. PACKAGE SUFFIXES 


LETTER 

DESIGNATOR 

PACKAGE TYPE 

N 

—Plastic Molded DIP 

J 

— Glass-Sealed Ceramic DIP 

S 

-Side-Braized Ceramic DIP 

D 

— SO Surface Mount 

L 

—Ceramic Leadless 


Chip Carrier 

Q 

—Plastic Molded Quad PLCC 

V 

—Multiwatt® Vertical 


Mount 

. VH 

— Multiwatt® Horizontal 


Mount 

H 

— TO-5 Metal Can 

K 

— TO-3 Steel-Base Power 

T 

— TO-220 Plastic Power 

P 

— Ceramic Power 


JAN Part Numbering System 


J 

M38510/ 

117 

04 

B 

Y 

— 

c 

JAN Designator 

Cannot be marked 
with “J” unless 
qualified on Part I or 
Part II of the QPL 

' 

General 

Procurement 

Spec 

I 

Refers to Detail Spec 

101 Op Amps 

102 Voltage Regulators 

103 Comparators 

104 Interface 

105 733 

106 Voltage Followers 

107 Positive Fixed 

Voltage Regulators 

108 Transistor Arrays 

109 Timers 

110 Quad Op Amps 

112 Voltage Comparator 

113 D to A Converter 

114 Bi-FetOpAmps 

115 Negative Fixed 
Voltage Regulators 

117 Positive Adjustable 
Voltage Regulators 

118 Negative Adjustable 
Voltage Regulators 

119 Bi-FetOpAmps 

Defines 

Device 

Type 

Processing 

Level 

S 

B 

C 

Package Type 

A 14-lead % x 14 Flatpak 

B 14-lead 14 x Yq Flatpak 

C 14-lead y 4 x 3/4 Dip 

D 14-lead 14 x 34 Flatpak 

E 16-lead 1/4 x 74 Dip 

F 16-lead 14 X 34 Flatpak 

G 8-lead Can 

H 10-lead 14 x 14 Flatpak 

1 1 0-lead Can’ 

J 24-lead x 1 14 Dip 

K 24-lead 34 x 54 Flatpak 

P 8 -lead ^4 x 34 Dip 

X 3-lead Can 

Y 2-lead TO-3 Can 

Z 24-lead 14 x 34 Flatpak 

Lead Finish 

A Hot Solder Dip 

B Tin Plate 

C Gold Plate 

X Any Finish 
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POWER SUPPLY CIRCUITS 

Switching Regulator Control ICs 


PRODUCT SELECTION GUIDE 

Note: Most series available screened to /883B Rev. C. 


TYPE 


PERFORMANCE CHARACTERISTICS 



Regulating 

PWMs 

UC1524/2524/3524 

X 






X 

100mA 


300kHz 

X 








16 Pin DIP 

Advanced 

Regulating PWMs 

UC1524A/2524A/3524A 


X 


X 

X 

X 

X 

200mA 


500kHz 

X 






X 


16 Pin DIP 

Advanced 

Regulating PWMs 

UC1525A/2525A/3525A 

UC1527A/2527A/3527A 


X 

X 

X 

X 


X 

100mA 

0.4A 

Pulse 


500kHz 



X 

X 

X 




16 Pin DIP 

Regulating 

PWM 

UC1526/ 2526/3526 


X 

X 

X 

X 

X 

X 

100mA 


400kHz 



X 

X 

X 


X 


18 Pin DIP 

Advanced 

Regulating PWMs 

UCl526Ay2526Ay3526A 


X 

X 

X 

X 


X 

100mA 


550kHz 



X 

X 

X 


X 


18 Pin DIP 

Regulating 

PWMs 

UC493/UC494y 

X 







200mA 


300kHz 

X 




X 


X 


16 Pin DIP 

UC495 



















18 Pin DIP 

Advanced 

Regulating PWMs 

UC493A/UC493AC 

UC494A/UC494AC 


X 



X 



200mA 


300kHz 

X 




X 


X 


16 Pin DIP 

UC495A/UC495AC 

UC495B/UC495BC 



















18 Pin DIP 

Current Mode 

PWM Controllers 

UC1846/2846/3846 

UC1847/2847/3847 


X 

X 

X 

X 

X 

X 

200mA 

X 

500kHz 



X 

X 

X 

X 

X 


16 Pin DIP 

Programmable 

Primary Side PWMs 

UC1840/ 2840/3840 


|x_ 

X 

X 

X 

X 


200mA 

X 

I 500kHz 


X 



X 

X 

N/A 

X 

18 Pin DIP 

Programmable 

Primary Side PWMs 

UC1841/ 2841/3841 


X 

X 


X 

X 

X 

200mA 

X 

500kHz 


X 



X 

i2<_ 

N/A 

X 

18 Pin DIP 

IlilgiimlllB 

Primary Side PWMs 

□01842/2842/3842 

□01843/2843/3843 

UC1844/2844/3844 

UC1845/2848/3S46 


X 


!x 

X 

X 


100mA 

1A 

Pulse 

X 

' 500kHz 


X 



X 


N/A 

X 

I 8 Pin DIP 

High Frequency 

PWM Controllers 

UC1823/2823/3823 


X 

X 

X 

\x 

X 


500mA 

1.5A 

X 

2MHz 


X 

X 

X 

X 


X 

X 

16 Pin DIP 

□C1825/2825/3825 


X 

X 

X 


X 


Pulse 





X 

X 

X 


X 

X 


Power Supply 

Control System 

'UC2850/3850 

X 


X 

X 

X 

X 

X 

50mA 


200kHz 

X 



X 

X 


X 


24 Pin DIP 

Buck Regulator 

1296 


X 

X 

X 


X 

X 

4A 


I 200kHz 


X 





X 


15 Pin Multi watt® 

Resonant Mode 

Controller 

□01860/2860/3860 


X 

X 


X 


X 

1.5A 


3MHz 

X 


X 

X 

X 

X 

X 


24 Pin DIP 
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POWER SUPPLY CIRCUITS 


PRODUCT SELECTION GUIDE 


Power Supply Support Functions 


ill 



PACKAGE 

UC1543/2543/3643 

UC1544/2544/3644 

Power Supply Supervisory 
Circuit, Monitors and 
Controls Power Supply 
Output 

• Over/Under-Voltage, and Current Sensing Circuits 

• Programmable Time Delays 

• SCR “Crowbar” Drive of 300mA 

• Optional Over-Voltage Latch 

• Internal 1% Accurate Reference 

• Remote Activation Capability 

• Uncommitted Comparator 

• Inputs for Low Voltage Sensing (UC1544 Series only) 

16 Pin 

DIL 

(1543 Series) 

18 Pin 

DIL 

(1544 Series) 

UC1705/2705/3705 

UC1 706/2706/3706 

UC1 707/2707/3707 

See Power Driver & Interface Circuit Section 

UC1834/2834/3634 ' 

High Efficency Linear 
Regulator, Low Input- 
Output Differential 

• Minimum Vi^— V qut less than 0.5V at 5A Load with 

External Pass Device 

• Equally Usable for either Positive or Negative Regulator 
Design 

• Adjustable Low Threshold Current Sense Amplifier 

• Under- and Over-Voltage Fault Alert with Programmable 
Delay 

• Over-Voltage Fault Latch with 100mA Crowbar Drive 

Output 

16 Pin 

DIL 

UC1835/2835/3835 

UC1 836/2836/3836 

High Efficiency Regulator 
Controllers 

5V Fixed (1835 Series) 
Adjustable (1836 Series) 

• Complete Control for High Current Low Dropout Linear 
Regulator 

• Accurate 2.5A Current Limiting with Foldback 

• Internal Current Sense 

• External Shutdown 

8 Pin 

DIL 

UC1838/283B/3838 

Magnetic Amplifier 

Controller 

• Independent 1% Reference 

• Two Uncommitted, Identical Op Amps 

• 100mA Reset Current Source 

16 Pin 

DIL 

Power Pkg. 

UC1 901/2901/3901 

Isolated Feedback 

Generator 

Stable and Reliable 
Alternative to an Optical 
Coupler 

• An Amplitude-Modulation System for Transformer 

Coupling an Isolated Feedback Error Signal 

• Internal 1% Reference and Error Amplifier 

• Loop Status Monitor 

• Low-Cost Alternative to Optical Couplers 

• Internal Carrier Oscillator Usable to 5MHz 

• Modulator Synch ronizable to an External Clock 

14 Pin 

DIL 

UC1903/2903/3903 

Ouad Supply and Line 
Monitor 

Precision System 

• Monitor Four Power Supply Output Voltage Levels 

• Both Over- and Under-Voltage Indicators 

• Internal Inverter for Negative Level Sense 

• Adjustable Fault Window 

• Additional Input for Early Line Fault Sense 

• On Chip, High-Current General Purpose OP-AMP 

18 Pin 

DIL 
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PRODUCT SELECTION GUIDE 


POWER SUPPLY CIRCUITS 


Product Applications Circuits 



TYPICAL APPLICATIONS 

UC1611/2611/3611 

Quad Schottky Array 

• Matched, Four Diode Monolithic Array 

• High Peak Current 

• Low Cost MINIDIP Package 

• Low Forward Voltage 

• Parallelable for Lower Vp or Higher Vp 

• Fast Recovery Time 

• Military Temperature Range 

UC1 704/3704 

Bridge Transducer Switch 

Any Analog to Digital monitoring system;, coupled with any of a wide range 
of sensors almost any type of physical phenomena may be monitored. 
Samples; 

• Air-Flow Sensor Circuits 

• Liquid or Gas Flow Circuits 

1 • Passing Object Circuits 

UC1906/2906 

Lead-Acid Battery Charger 

“1C Circuitry that results in optimized charge cycles for specific battery 
applications.” 

• Uninterruptable Power Supplies 

• Portable Electrical Equipment 

1 • Emergency Power and Light Systems 

I • Volatile Data Handling Computers— Power Back-Up 

UC1 730/2730/3730 

Temperature and Air Flow Sensor 

1 By combining a temperature monitor and heater, this 1C permits airflow 

velocity past the 1C package to be monitored. 

• On-Chip Temperature Transducer 

• Temperature Comparator Gives Thresold Temp-Airflow Alarm 

• Low 2.5mA Quiescent Current 
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POWER SUPPLY CIRCUITS 

3 Terminal Fixed and Adjustable Regulators 


PRODUCT SELECTION GUIDE 


Three Terminal Voltage Regulators, Adjustable 



OUTPUT 





CURRENT 


REGULATED OUTPUT VOLTAGE 



mam 

POLARITY 


PACKAGE 

t*UCli7K/LM117K 




TO-3 

UC217K/LM217K 

1.5A 

Pos. 

Adjustable from 1.2V to 37V 

TO-3 

UC317K/LM317K : 

1.5A 

Neg. 


TO-3 

•UC137K/LM137K 




TO-3 

UC237K/LM237K 

1.5A 

Neg. 

Adjustable from -1 .2V to -37V 

TO-3 

UC337K/LM337K ; 




TO-3 

*UC150K/LM150K 




TO-3 

UC250K/LM250K 

3.0A 

Pos. 

Adjustable from 1 .2V to 33V 

TO-3 

UC350K/LM350K 




TO-3 


Three Terminal Voltage Regulators, Fixed, Positive 


IIIIIIIIIB 

OUTPUT 

CURRENT 

POLARITY 

REGULATED INPUT VOLTAGE 

PACKAGE 

'’UG7800AK/LM14QAK SERIES 
UC7800ACK/LM340AK SERIES 

1.5A 

Pos. 

5V ± 1% 

12V ± 1% 

15V ± 1% 

TO-3 

TO-3 

•UC7800K/LM140K SERIES 
UC7800CK/LM340K SERIES 

1.5A 

Pos. 

5V ± 4% 

12V ± 40/0 

15V ± 4% 

TO-3 

TO-3 

Three Terminal Voltage Regulators, Fixed, Nei 

gative 

IIIIIIIIIIIHB 

OUTPUT 

CURRENT 

III (A) 

POLARITY 

REGULATED INPUT VOLTAGE 

PACKAGE 

•UC7900AK/LM120K SERIES 
UC7900ACK SERIES 

1.5A 

Neg. 

-5V ± 1% 

-12V ± 1% 

-15V + 10/0 

TO-3 

TO-3 

•UC7900K SERIES 
UC7900CK/LM320K SERIES 

1.5A 

Neg. 

-5V ± 40/0 

-12V ± 4% 

-15V ± 4% 

TO-3 

TO-3 


*AII TO-3 Fixed and Adjustable Regulators available in /883B screened versions. 

PACKAGE NOTE: Both Plastic or Ceramic Surface Mount Packaging are available. Contact factory for details, 
t Available in /38510 version. Contact factory for details. 
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LINEAR INTEGRATED CIRCUITS 

High Current Switching Regulator 


FEATURES 

• 4A Output Current 

• 5.1V to 40V Output Voltage Range 

• 0 to 100% Duty Cycle Range 

• Precise (±2%) On-Chip Reference 

• Switching Frequency up to 200KHz 

• Very High Efficiency (Up to 90%) 

• Very Few External Components 

• Soft Start 

• Reset Output 

• Control Circuit for Crowbar SCR 

• Input for Remote Inhibit and 
Synchronous PWM 

• Thermal Shutdown 


DESCRIPTION 

The L296 is a stepdown power switching regulator delivering 4A at voltages from 5.1V to 
40V. The device features programmable current limiting, remote inhibit, soft start, 
thermal protection, reset output for microprocessors, and a PWM comparator input for 
synchronization in multichip configurations. The L296 is offered in a 15-lead Multiwatt® 
plastic power package and requires very few external components. Efficient operation at 
switching frequencies up to 200KHz allows reduction, in size and cost, of external filter 
components. A voltage sense input and SCR drive output are provided for optical 
crowbar over-voltage protection with an external SCR. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V 3 50V 

Input to Output Voltage Difference, V3 — V 2 50V 

Output DC Voltage, V 2 “IV 

Output Peak Voltage at t = 0.1/;sec, f = 200KHz -7V 

Voltage at Pins 1 and 12, Vi, V 12 lOV 

Voltage at Pins 6 and 15, Ve, V 15 15V 

Voltage at Pins 4, 5, 7 and 9, V 4 , V 5 , V 7 , Vg 5.5V 

Voltage at Pins 10 and 6 , V 10 , Ve 7V 

Voltage at Pin 14 (I14 < 1 mA), V14 V3 

Pin 9 Sink Current, Ig 1mA 

Pin 11 Source Current, In -20mA 

Pin 14 Sink Current (V 14 < 5V), I 14 50mA 

Power Dissipation at Tease < 90°C, Ptot 20 W 

Junction and Storage Temperature, Tj, Tstg • • -40°C to +150°C 


THERMAL DATA 

Thermal Resistance Junction-Case, 9jc 3°C/W max. 

Thermal Resistance Junction-Ambient, ^ja 35°C/W max. 

Note: Currents into the device (sink) are positive value. Currents out of 
the device (source) are negative value. 


BLOCK DIAGRAM 


FREQUENCY 
COMPENSATION 


SUPPLY CURRENT 
VOLTAGE LIMIT 


CROWBAR CROWBAR 
INPUT OUTPUT 



{2] OUTPUT 


•ra FEEDBACK I 


INHIBIT INPUT 



UNITRODE 


8/85 
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LEAD FORM OPTIONS 


CONNECTION DIAGRAM (TOP VIEW) 




CROWBAR DRIVE 

RESET OUTPUT 

RESET DELAY 

RESET INPUT 

OSCILLATOR 

FEEDBACK INPUT 

FREQUENCY COMPENSATION 

GROUND, 

SYNC. INPUT 
INHIBIT INPUT 
SOFT-START 
CURRENT LIMIT 
SUPPLY VOLTAGE 
OUTPUT 

CROWBAR INPUT 


Tab connected to Pin 8 


ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tj = 25®C, V 3 = 35V, unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 1 MAX. 1 UNITS 

Dynamic Characteristics (Pin 6 to GND unless otherwise specified) | 

Output Voltage Range 

Vo 

< 

I 

II 

_o 

>- 

II 

> 

Vref 


40 

V 

Supply Voltage Range 

V 3 

Vo = Vref to 36V, lo = -4A 

9 


46 

V 

Line Regulation 

AVo 

V 3 = lOV to 40V, Vo = Vref, lo = -2A 


15 

50 

mV 

Load Regulation 

> 

< 

Vo = Vref 

lo = -2A to -4A 


10 

30 

mV 

lo = -0.5A to -4A 


15 

45 

Internal Reference 

Voltage (Pin 10) 

Vref 

V 3 = 9V to 46V. 
lo = -2A 

5 

5.1 

5.2 

V 

Average Temperature Coefficient 
of Reference Voltage* 

AVref 

AT 

Tj = 0°C to 125‘’C, lo = -2A 


0.4 


mV/°C 

Dropout Voltage (Between 

Pin 2 and Pin 3) 

Vd 

lo = -4A 


2 

3.2 

V 

< 

C\J 

I 

II 

_p 


1.3 

2.1 

V 

Maximum Operating Load Current 

lorn 

V 3 = 9V to 46V, Vo = Vref to 36V 

-4 



A 

Current Limiting 

Threshold (Pin 2) 

I 2 L 

V 3 = 9V to 46V, 

Vo = Vref to 40V 

Pin 4 Open 



-8 

A 

Rijm ~ 33KQ 


-2.5 


A 

Input Average Current 

ISH 

V 3 = 46V, Output Short-Circuited 


60 

100 

mA 

Efficiency 

n 

lo = -3A 

Vo = Vref 


75 


% 

Vo = 12V 


85 


% 

Supply Voltage 

Ripple Rejection 

SVRR 

AV 3 - 2Vrms, fripple “ 120Hz, 

Vo = Vref, lo = - 2 A 

50 

56 


dB 

Switching Frequency 

f 


85 

100 

115 

KHz 

Voltage Stability of 

Switching Frequency 


V 3 = 9V to 46V 


0.5 


% 

Temperature Stability of 

Switching Frequency* 


Tj = 0°C to 125'^C 


1 


% 

Maximum Operating 

Switching Frequency 

fmax 

Vo = Vref, lo = -lA, 

R = 1.75KQ, C = 2.2nF 

200 



KHz 

Thermal Shutdown 

Junction Temperature* 

Tjsd 


135 

150 


"C 


* Guaranteed by design; not 100% tested. 
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L296 


ELECTRICAL CHARACTERISTICS(Refer to the test circuit, Tj = 25°C, V 3 = 35V, unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

DC Characteristics | 

Quiescent Drain Current 

I 3 Q 

V 3 = 46V, V 7 = OV, 
V 10 = OV, 

V 6 = 0V 


66 

85 

mA 

Ve = 3V 


30 

40 

Output Leakage Current 

I 2 L 

Pin 11: Open 

> 

CO 

II 

CO 

> 



-2 

mA 

Soft Start 1 

Source Current 

I 5 

Ve = OV, Vs = 3V 

-100 

-130 

-160 

aA 

Sink Current 

I 5 

Ve = 3V, Vs = 3V 

50 

70 

120 

aA 

Inhibit | 

Low Input Voltage 

V6L 



-0.3 


0.8 

V 

High Input Voltage 

V6H 

V 3 = 9V to 46V, 


2 


5.5 

V 

Input Current with 

Low Input Voltage 

ISL 

V 7 = OV, 

V 10 = OV, 

Pins 2, 11: Open 

Ve = 0.8V 



-10 

aA 

Input Current with 

High Input Voltage 

leH 

> 

CM 

II 

(O 

> 



-3 

aA 

Error Amplifier | 

High Level Output Voltage 

V 9 H 

V 10 = Vref - 400mV, 

I 9 = +100/yA 

3.5 



V 

Low Level Output Voltage 

V 9 L 

V 10 = Vref + 400mV, I 9 = -100/iA 



0.5 

V 

Sink Output Current 

I 9 

V 10 ~ Vref 400mV 

100 

150 


aA 

Source Output Current 

I 9 

V 10 = Vref - 400mV 

-100 

-150 


aA 

Input Bias Current 

ho 

V 10 = 5.2V 


2 

10 

aA 

DC Open Loop Gain 

Gv 

V 9 = IV to 3V 

46 

55 


dB 

Oscillator and PWM Comparator | 

Input Bias Current of 

PWM Comparator 

I 7 

V 7 = 0.5V to 3.5V 



-5 

aA 

Oscillator Source Current 

I 11 

Vi 1 = 2V, Pin 2: Open 

-5 



mA 

Reset 1 

Rising Threshold Voltage 

Vl2R 

V 3 = 9V to 46V, 

Ii 4 = 16mA, 

Pin 13: Open 

Vref 

-150mV 

Vref 

-lOOmV 

Vref 

-50mV 

V 

Falling Threshold Voltage 

Vl2F 

4.75 

Vref 

-150mV 

Vref 

-lOOmV 

V 

Delay Threshold Voltage 

Vl3D 

V 12 = 5.3V, Ii 4 = 16mA 

4.3 

4.5 

4.7 

V 

Delay Threshold Voltage Hysteresis 

Vi3H 

Vi 2 = 5.3V, Ii 4 = 16mA 


100 


mV 

Output Saturation Voltage 

V14S 

Ii 4 = 16mA, V 12 = 4.7V, Pin 13: Open 



0.4 

V 

Input Bias Current 

I 12 

V 12 - OV to Vref, Ii4 

= 16mA, Pin 13: Open 


1 

3 

aA 

Delay Source Current 

Il3 

Vi 3 = 3V, Ii 4 = 16mA, V 12 = 5.3V 

-70 

-no 

-140 

aA 

Delay Sink Current 

Il3 

Vi3 = 3V, Ii 4 = 16mA, V 12 = 4.7V 

10 



mA 

Output Leakage Current 

Il4 

V 3 = 46V, V 12 = 5.3V, Pin 13: Open 



+ 100 

aA 

Crowbar | 

Input Threshold Voltage 

Vi 

Vis = 2V 

5.5 

6 

6.4 

V 

Output Saturation Voltage 

Vl5 

V 3 = 9V to 46V, Vi = 
hs = 5mA 

5.4V, 


0.2 

0.4 

V 

Input Bias Current 

h 

Vi = 6V, Vis = 2V 



10 

aA 

Output Source Current 

Il5 

V 3 = 9V to 46V, Vi = 
Vis = 2V 

6.5V, 

-70 

-100 


mA 


* Guaranteed by design; not 100% tested. 
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L296 


DYNAMIC TEST CIRCUIT 


RESET 



APPLICATION INFORMATION 


Choosing the Inductor and Capacitor 

The input and output capacitors of the L296 must have a low ESR 
and low inductance at high current ripple. 

Saturation must not occur at current levels below 1.5 times the 
current limiter level. 


(V3-Vo)Vo 
Vaf A II 
^ _ (Va - Vo) Vo 
8L f A Vo 
f = frequency 

AIl = Inductance current ripple 
AVo = Output ripple voltage 


Resistor Values for 

Standard Output Voltages 

Vo 

Rs 

R4 

12V 

4.7KQ 

6.2KQ 

15V 

4.7KQ 

9.1KO 

18V 

4.7KQ 

12KQ 

24V 

4.7KQ 

18KO 
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L296 


CIRCUIT OPERATION 

Figure 1. Reset Output Waveforms 


OUTPUT NOW AN INTERRUPTION 
STABLE, RESET OF SUPPLY CAUSES 

Vo GOES HIGH RESET OF MICRO AT POWER DOWN 



Figure 2. Soft Start Waveforms 


OSCILLATOR CLAMPED ERROR 

OUTPUT AMP. OUTPUT 



Figure 3. Current Limiter Waveforms 
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CIRCUIT OPERATION (continued) 

(refer to the block diagram) 

The L296 is a monolithic stepdown 
switching regulator providing output 
voltages from 5.1V to 40V and deliver! ng4A. 

The regulation loop consists of a sawtooth 
oscillator, error amplifier, comparator and 
the output stage. An error signal is produced 
by comparing the output voltage with a 
precise 5.1V on-chip reference (trimmed to 
±2%). This error signal is then compared 
with the sawtooth signal to generate the 
fixed frequency pulse width modulated 
pulses which drive the output stage. The 
gain and frequency stability of the loop can 
be adjusted by an external RC network 
connected to Pin 9. Closing the loop directly 
gives an output voltage of 5.1V. Higher 
voltages are obtained by inserting a voltage 
divider. 

Output overcurrents at switch on are 
prevented by the soft start function. The 
error amplifier output is initially clamped by 
the external capacitor Css and allowed to 
rise, linearly, as this capacitor is charged by 
a constant current source. 

Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by an internal metal resistor 
connected to a comparator. When the load 
current exceeds a preset threshold this 
comparator sets a flip flop which disables 
the output stage and discharges the soft 
start capacitor. A second comparator resets 
the flip flop when the voltage across the soft 
start capacitor has fallen to 0.4V. The output 
stage is thus re-enabled and the output 
voltage rises under control of the soft start 
network. If the overload condition is still 
present the limiter will trigger again when 
the threshold current is reached. The 
average short circuit current is limited to a 
safe value by the dead time introduced by 
the soft start network. 

The reset circuit generates an output signal 
when the supply voltage exceeds a threshold 
programmed by an external divider. The 
reset signal is generated with a delay time 
programmed by an external capacitor. 
When the supply falls below the threshold 
the reset output goes low immediately. The 
reset output is an open collector. 

The crowbar circuit senses the output 
voltage and the crowbar output can provide 
a current of 100mA to switch on an external 
SCR. This SCR is triggered when the output 
voltage exceeds the nominal by 20%. There 
is no internal connection between the output 
and crowbar sense input; therefore the 
crowbar can monitor either the input or the 
output. 
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PIN FUNCTIONS 


NO. 

NAME 

FUNCTION 

1. 

CROWBAR INPUT 

Voltage sense input for crowbar over-voltage 
protection. Normally connected to the 
feedback input thus triggering the SCR when 

VouT exceeds nominal by 20%. May also 
monitor the input and a voltage divider can be 
added to increase the threshold. Connected to 
ground when SCR not used. 

2. 

OUTPUT 

Regulator output. 

3. 

SUPPLY VOLTAGE 

Unregulated voltage input. An internal regulator 
powers the L296’s internal logic. 

4. 

CURRENT LIMIT 

A resistor connected between this terminal and 
ground sets the current limiter threshold. 

If this terminal is left unconnected the threshold 
is internally set (see electrical characteristics). 

5. 

SOFT START 

Soft start time constant. A capacitor is 
connected between this terminal and ground 
to define the soft start time constant. This 
capacitor also determines the average short 
circuit output current. 

6. 

INHIBIT INPUT 

TTL - level remote inhibit. A logic high level on 
this input disables the L296. 

7. 

SYNC INPUT 

Multiple L296s are synchronized by connecting 
the Pin 7 inputs together and omitting the 
oscillator RC network on all but one device. 

8. 

GROUND 

Common ground terminal. 

9. 

FREQUENCY 

COMPENSATION 

A series RC network connected between this 
terminal and ground determines the regulation 
loop gain characteristics. 

10. 

FEEDBACK INPUT 

The feedback terminal of the regulation loop. 

The output is connected directly to this 
terminal for 5.1V operation; it is connected via 
a divider for higher voltages. 

11. 

OSCILLATOR 

A parallel RC network connected to this 
terminal determines the switching frequency. 

This pin must be connected to Pin 7 input 
when the internal oscillator is used. 

12. 

RESET INPUT 

Input of the reset circuit. The threshold is 
roughly 5V. It may be connected to the 
feedback point or via a divider to the input. 

13. 

RESET DELAY 

A capacitor connected between this terminal and 
ground determines the reset signal delay time. 

14. 

RESET OUTPUT 

Open collector reset signal output. This output 
is high when the supply is safe. 

15. 

CROWBAR OUTPUT 

SCR gate drive output of the crowbar circuit. 


A TTL - level inhibit input is provided for 
applications such as remote on/off control. 
This input is activated by high logic level and 
disables circuit operation. After an inhibit 
the L296 restarts under control of the soft 
start network. 


The thermal overload circuitdisables circuit 
operation when the junction temperature 
reaches about 150®C and has hysteresis to 
prevent unstable conditions. 
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LINEAR INTEGRATED CIRCUITS 

1.5A, Three Terminal Adjustable UC317 

Positive Voltage Regulators 


FEATURES 

• Output voltage adjustable from 1.2 to 37V 

• Guaranteed 1.5A output current 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.1% 

• Temperature-independent current limit 

• Standard 3-lead transistor packages 
(TO-3, TO-220) 


DESCRIPTION 

This monolithic integrated circuit is an adjustable 3-terminal positive voltage regulator 
designed to supply more than 1.5A of load current with an output voltage adjustable 
over a 1.2 to 37V range. Although ease of setting the output voltage to any desired value 
with only two external resistors is a major feature of this circuit, exlceptional line and 
load regulation are also offered. In addition, full overload protection consisting of 
current limiting, thermal shutdown and safe-area control are included in this device 
which is packaged in T6-3 and TO-220 packages. The UC117 is rated for operation 
from -55®C to +150®C, the UC217 from -25°C to +150®C and the LIC317 from 
0®Cto-H25®C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 40V 

Operating Junction Temperature Range 

UC117 -55®C to +150®C 

UC217 -25®C to +150®C 

UC317 0®Cto+125®C 

Storage Temperature -65°C to +150®C 

Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL APPLICATIONS 


1.2V— 25V Adjustable Regulator 


Digitally Selected Outputs 


UC117 



* Needed if device is far from 
filter capacitors 
fOptional— improves transient 
response 

tt VouT = 1.25V (l + -1^) 


UC117 



♦Value determines maximum Vout 


5V Logic Regulator with 
Electronic Shutdown** 

UC117 



*Min output = 1.2V 


1/82 
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UC117 UC217 UC317 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC117/UC217 

UC317 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25^, 3V < (V,N - Vout) < 40V, 


0.01 

0.02 


0.01 

0.04 

%/V 


(Note 2) 








Load Regulation 

Ta = 25®C, 10mA < Iqut ^ Imax 









Vout <15V, (Note 2) 


5 

15 


5 

25 

mV 


Vout > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25®C, 20ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

//A 

Adjustment Pin Current 

lOmA < II < Imax 


0.2 

5 


0.2 

5 

/J^ 

Change 

2.5V < (V,N - Vout) < 40V 








Reference Voltage 

3 < (V,N - Vout) < 40V 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


lOmA < louT < Imax, P < Pmax 








Line Regulation 

3 < (V,N - Vout) < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10mA < louT < Imax, (Note 2) 









Vout < 5V 


20 

50 


20 

70 

mV 


Vout > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN < Tj < Tmax 


1 



1 


% 

Minimum Load Current 

V,N - Vout = 40V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

(V,N - Vout) <15V 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


T Package 

1.5 

2.2 


1.5 

2.2 


A 


< 

z 

1 

< 

o 

c 

II 

o 

< 









K Package 


0.4 



0.4 


A 


T Package 


0.4 



0.4 


A 

RMS Output Noise 

Ta = 25°C, lOHz < f < lOkHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

N 

X 

o 

CsJ 

II 

> 

o 

II 

D 

o 

> 


65 



65 


dB 


Cadj - lOyuF 

66 

80 


66 

80 


dB 

Long Term Stability 

Ta = 125‘’C, 1000 Hrs. 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

,K Package 


2.3 

3 


2.3 

3 

®C/W 

to Case 

T| Package 





4 


°C/W 


Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: 

UC117; -55°C < Ti < 150°C 
UC217: -25°C<Ti< 150°C 
UC317: 0°C < Tj < 125‘’C 
(V,N - Vout) = 5V, lo = 0.5A, Imax =1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 


TYPICAL PERFORMANCE CHARACTERISTICS 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (“O 
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UC117 UC217 UC317 


TYPICAL PERFORMANCE CHARACTERISTICS 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (“C) 


Minimum Operating Current 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 


UC117 UC217 UC317 




INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAO. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 



SEATING 

\PLANE 



UC317 



1 - Adjustment 

2- Input 

3- Output 

4- Output 



INCHES 

MILIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.560 

0.625 

14.23 

15.87 

B 

0.380 

0.420 

9.66 

10.66 

C 

0.140 

0.190 

3.56 

4.82 

D 

0.020 

0.045 

.0.51 

1.14 

F 

0.139 

0.147 

3.531 

3.733 

G 

0.090 

0.110 

2.29 

2.79 

H 

- 

0.250 

- 

6.35 

J 

0.015 

0.025 

0.38 

0.64 

K 

0.500 

0.562 

12.70 

14.27 

L 

0.045 

0.070 

1.14 

1.77 

N 

0.190 

0.210 

4.83 

5.33 

Q 

0.100 

0.120 

2.54 

3.04 

R 

0.080 

0.115 

2.04 

2.92 

S 

0.045 

0.055 

1.14 

1.39 

T 

0.230 

0.270 

5.85 

6.85 


Note: When ordering, add suffix "K” (for TO-3 package) or "T” (for TO-220 package) to the Part Number. 
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UC117 UC217 UC317 


APPLICATION HINTS 

In operation, the UC117 develops a nominal 1.25V reference 
voltage, Vref, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor Ri and, 
since the voltage is constant, a constant current h then flows 
through the output set resistor R 2 , giving an output voltage of 

VoUT = Vref ( 1 IadjR 2 

Ki 


UC117 



Figure 1 

Since the 100 /jA current from the adjustmentterminal represents 
an error term, the UCl 17 was designed to minimize Udj and make 
it very constant with line and load changes. To do this, ail 
quiescent operating current is returned to the output establishing 
a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1/iF disc or 1//F 
solid tantalum on the input is suitable input bypassing for almost 
all applications. The device is more sensitive to the absence of 
input bypassing when adjustment or output capacitors are used 
but the above values will eliminate the possibility of problems. 
The adjustment terminal can be bypassed to ground on the 
UCl 17 to Improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10/yF bypass capacitor 80 dB ripple rejection is 
obtainable at any output level. 

In general, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have low impedance even at high 
frequencies. Depending upon capacitor construction, it takes 
about 25//F in aluminum electrolytic to equal 1//F solid tantalum 
at high frequencies. 

Although the UCl 17 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A l/jF solid tantalum (or 25/iF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. 


Load Regulation 

The UCl 17 is capable of providing extremely good load regulation 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment terminal and the output terminal (usually 2400) 
should be tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 

With the TO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground pf R 2 can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most lO^uF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharge current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UCl 17, this discharge path is 
through a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25/jF or less, there is no need to use diodes. 
The bypass capacitor on the adjustment terminal can discharge 
through a low current junction. Discharge occurs when e/therthe 
input or output is shorted. Internal to the UCl 17 is a 500 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and lO/uF capacitance. Figure 2 
shows a UCl 17 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


Di 

1N4002 



Di protects against Ci 
D 2 protects against Cz 


Figure 2. Regulator with Protection Diodes 
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LINEAR INTEGRATED CIRCUITS 

1.5A, Three Terminal Adjustable 
Negative Voltage Regulators 


UC137 

UC237 

UC337 


FEATURES 

• Output voltage adjustable from -1.2 to 
-37V 

• Guaranteed 1.5A output current 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.3% 

• Excellent thermal regulation, 0.002%/W 

• 77 dB ripple rejection 

• Excellent rejection of thermal transients 

• 50 ppm/°C temperature coefficient 

• Temperature-independent current limit 

• Internal thermal overload protection 

• Standard 3-lead transistor packages 
(TO-3, TO-220) 


DESCRIPTION 

The UC137/UC237/UC337 are adjustable 3-terminal negative voltage regulators 
capable of supplying in excess of -1.5A over an output voltage range of -1.2V to -37V. 
These regulators are exceptionally easy to apply, requiring only 2 external resistors to 
set the output voltage and 1 output capacitor for frequency compensation. The circuit 
design has been optimized for excellent regulation and low thermal transients. Further, 
the LIC137 series features internal current limiting, thermal shutdown and safe-area 
compensation, making them virtually blowout-proof against overloads. 

The UC137/UC237/UC337 serve a wide variety of applications including local on-card 
regulation, programmable-output voltage, regulation or precision current regulation. The 
UC137/UC237/UC337 are ideal complements to the UC117/UC217/UC317 adjustable 
positive regulators. These devices are available in TO-3 and TO-220 packages. The LIC137 is 
rated for operation from -55°C to +150°C, the LIC237 from -25°C to + 150°C and the LIC337 
from 0°C to +125°C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 40V 

Operating Junction Temperature Range 

UC137 -55°C to +150‘’C 

UC237 -25®C to +150*^0 

UC337 0‘’C to -H25'^C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL APPLICATION 




Adjustable Negative Voltage Regulator 






/ 

>R2 

— Cat 

— 

p-c,* 




— 

-IaF 




ADJ 


> 1200 



V,N 

UC137/ 

UC337 

VoUT 








*Ci = 1/iF solid tantalum is required only if regulator is far from power-supply filter capacitor. 
tOptional— improves transient response 

tt-v„„ = -1.25V 0*J^) 
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UC137 UC237 UC337 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC137/UC237 

UC337 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25“C, 3V <|V,N - VoutI < 40V 


0.01 

0.02 


0.01 

0.04 

%/V 


(Note 2) 








Load Regulation 

Ta = 25®C, 10mA < Iout ^ Imax 









1 VoutI <5V, (Note 2) 


15 

25 


15 

50 

mV 


1 VoutI > 5V, (Note 2) 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Ta = 25®C, 10ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/W 

Adjustment Pin Current 



65 

100 


65 

100 


Adjustment Pin Current 

10mA < II < Imax 


2 

5 


2 

5 

Hk 

Change 

2.5V < |V,N - VoutI < 40V, Ta = 25‘’C 








Reference Voltage 

Ta = 25"C 









3<|V,n- VoutI < 40V 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


10mA < Iout ^ Imax, P ^ Pmax 

-1.200 

-1.250 

-1.300 

-1:200 

-1.250 

-1.300 

V 

Line Regulation 

3V < 1 V,N - VoutI < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10mA < Iout < Imax, (Note 2) 









IVoutI <5V 


20 

50 


20 

70 

mV 


IVoutI >5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN ^ Tj < TmAX 


0.6 



0.6 


% 

Minimum Load Current 

|V,N- VoutI < 40V 


2.5 

5 


2.5 

10 

mA 


|V,„ - VoutI < lOV 


1.2 

3 


1.5 

6 

mA 

Current Limit 

< 

z 

1 

< 

o 

lA 

cn 

< 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


T Package 

1.5 

2.2 


1.5 

2.2 


A 


|V,N - VoutI = 40V 









K Package 


0.4 



0.4 


A 


T Package 


0.4 



0.4 


A 

. RMS Output Noise 

Ta = 25°C, 10Hz<f<10kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VouT = -lOV, f = 120Hz 


60 



60 


dB 


Cadj = 10/jF 

66 

77 


66 

77 


dB 

Long Term Stability 

Ta = 125®C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

K Package 


2.3 

3 


2.3 

3 

"C/W 

to Case 

T Package 





4 


"C/W 


Notes: 1-. Unless otherwise noted, the above specifications apply over the following conditions: 

UC137: -55°C <Tj< IbO^C 
UC237: -25°C <Ti< 150°C 
UC337: 0°C < T| < 125°C 
|V,N - VoutI =5V. Io =0.5A. Imax =1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 



0 1101 1201 1301 1401 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



JUNCTION TEMPERATURE (°C) 
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UC137 UC237 UC337 


TYPICAL PERFORMANCE CHARACTERISTICS 


Temperature Stability 



JUNCTION TEMPERATURE TO 


Minimum Operating Current 



0 1101 |20| 1301 |40| 

INPUT-OUTPUT DIFFERENTIAL (V) 



MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 

UC137 UC237 UC337 




INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAdTI 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420- .440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 




UC337 



1 - Adjustment 

2- Output 

3- Input 

4- Input 



INCHES 

MILIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.560 

0.625 

14.23 

15.87 

B 

0.380 

0.420 

9.66 

10.66 

C 

0.140 

0.190 

3.56 

4.82 

D 

0.020 

0.045 

0.51 

1.14 

F 

0.139 

0.147 

3.531 

3.733 

G 

0.090 

0.110 

2.29 

2.79 

H 

- 

0.250 

- 

6.35 

J 

0.015 

0.025 

0.38 

0.64 

K 

0.500 

0.562 

12.70 

14.27 

L 

0.045 

0.070 

1.14 

1.77 

N 

0.190 

0.210 

4.83 

5.33 

Q 

0.100 

0.120 

2.54 

3.04 

R 

0.080 

0.115 

2.04 

2.92 

S 

0.045 

0.055 

1.14 

1.39 

T 

0.230 

0.270 

5.85 

6.85 


Note: When ordering, add suffix "K" (for TO-3 package) or “T” (for TO-220 package) to the Part Number. 
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LINEAR INTEGRATED CIRCUITS 

3A, Three Terminal Adjustable 
Positive Voltage Regulators 


UC150 

UC250 

UC350 


FEATURES 

• Output voltage adjustable from 1.2V to 
33V 

• Guaranteed 3A output current 

• Line regulation typically 0.005%/V 

• Load regulation typically 0.1% 

• Guaranteed thermal regulation 

• Current limit constant with 
temperature 

• Standard 3-lead transistor package 


DESCRIPTION 

The L)CI50/UC250/UC350 are adjustable 3-terminal positive voltage regulators 
capable of supplying in excess of 3A over a 1.2V to 33V output range. They require only 
2 external resistors to set the output voltage. Further, both line and load regulation are 
comparable to discrete designs. 

In addition to higher performance than fixed regulators, the UC150 series offers full 
overload protection. Included on the chip are current limit, thermal overload protection 
and safe area protection. All overload protection circuitry remains fully functional even 
if the adjustment terminal is accidentally disconnected. 

Since the regulator Is “floating” and sees only the input-to-output differential voltage, 
supplies of several hundred volts can be regulated as long as the maximum input to 
output differential is not exceeded. 

Supplies requiring electronic shutdown can be achieved by clamping the adjustment 
terminal to ground which programs the output to 1.2V where most loads draw little 
current. 

The UC150/UC250/UC350 are packaged in standard TO-3 transistor packages. The 
UC150 is rated for operation from -55®C to +150°C, the LIC250 from -25°C to +150“C 
and the LIC350 from 0®C to +125°C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 35V 

Operating Junction Temperature Range 

UC150 -55®Cto+150®C 

UC250 -25^0 to+150“C 

UC350 0Xto+125“C 

Storage Temperature -65“C to +150®C 

Lead Temperature (Soldering, 10 seconds) 300®C 


TYPICAL APPLICATIONS 


1.2V-25V Adjustable Regulator 

6A Regulator 



Slow Turn-On 
15V Regulator 


UC150 
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UC150 UC250 UC350 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC150/UC250 

UC350 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25°C, 3V < (V,N - Vout) < 35V. 


0.005 

0.01 


0.005 

0.03 

%/V 


(Note 2) 








Load Regulation 

Ta ~ 25°C, 10mA ^ Iout — 3A 









Vout <5V, (Note 2) 


5 

15 


5 

25 

mV 


Vout > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.1 

% 

Thermal Regulation 

Pulse = 20ms 


0.002 

0.01 


0.002 

0.03 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

/iA 

Adjustment Pin Current 

10mA < Il<3A 


0.2 

5 


0.2 

5 


Change 

3V < (V,N - Vout) < 35V 








Reference Voltage 

3 < (V.N - Vout) < 35V, 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


10mA < louT < 3A, P<30W 








Line Regulation 

3 < (V,N - Vout) < 35V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

Vout < 5V 10mA < Iout < 3A, (Note 2) 


20 

50 


20 

70 

mV 


Vout > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN < Tj < TmaX 


1 



1 


% 

Minimum Load Current 

(ViN - Vout) = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

(ViN - Vout) <10V 

3.0 

4.5 


3.0 

4.5 


A 


< 

z 

1 

< 

o 

c 

11 

CO 

O 

< 


1 



1 


A 

RMS Output Noise 

Ta = 25‘’C, 10Hz<f<10kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = lOV, f = 120Hz 


65 



65 


dB 


Cadj = lOjuF 

66 

86 


66 

86 


dB 

Long Term Stability 

Ta = 125°C, 1000 Mrs. 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 




1.5 



1.5 

"C/W 

to Case 










Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: 

UC150: -55°C<T)< 150°C 
UC250: -25°C<Ti< 150°C 
UC350: 0°C < Tj < 125°C 
(V,N- Vout)=5V, Iout = 1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 
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UC150 UC250 UC350 


TYPICAL PERFORMANCE CHARACTERISTICS 


Current Limit 


Dropout Voltage 



Tj = 

25°C 





/ 

\V 

— Tj = 

-55°C 



u 

Tj= 15 








\ 


















10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


■25 25 75 

JUNCTION TEMPERATURE (°C) 


Ripple Rejection 










^Cadj - 10/if 


C»o 

.o\ 



II = 500mA 

V.„ = 15V 


\ 


VouT = lOV 

Tj = 25“C 





Ik 10k 

FREQUENCY (Hz) 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAM 




Adjustment 
^ Input 


UC150 UC250 UC350 


A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

,038-,043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

_G_ 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

,525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-161 DIA. 

3.84-4.09 DIA. 
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UC150 UC250 UC350 


APPLICATION HINTS 

In operation, the UC150 develops a nominal 1.25V reference 
voltage, Vref, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor Ri and, 
since the voltage is constant, a constant current \^ then flows 
through the output set resistor R 2 , giving an output voltage of 


VoUT - Vref ( 1 IadjR2 


UC150 



Since the 50ywA current from the adjustment terminal represents 
an error term, the UC150 was designed to minimize Udj and make 
it very constant with line and load changes. To do this, all 
quiescent operating current is returned to the output establishing 
a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1/^F disc or IjjF 
solid tantalufn on the input is suitable input bypassing for almost 
all applications. The device is more sensitive to the absence of 
input bypassing when adjustment or output capacitors are used 
but the above values will eliminate the possibility of problems. 
The adjustment terminal can be bypassed to ground on the 
UC150 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10/iF bypass capacitor 86 dB ripple rejection is 
obtainable at any output level. 

In general, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have low impedance even at high 
frequencies. Depending upon capacitor construction, It takes 
about 25/iF in aluminum electrolytic to equal l^fF solid tantalum 
at high frequencies. 

Although the UC150 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF • 
and 5000pF. A 1/iF solid tantalum (or 25/iF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. 


Load Regulation 

The UC150 is capable of providing extremely good load regulation 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment terminal and the output terminal (usually 240Q) 
should be tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 
With the TO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground of R 2 can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most 10/iF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharged current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UC150, this discharge path is 
through a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25/uF or less, there is no need to use diodes. 
The bypass capacitor on the adjustment terminal can discharge 
through a low current junction. Discharge occurs when e/fher the 
input or output is shorted. Internal to the UC150 is a 500 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10/iF capacitance. Figure 2 
shows a UC150 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


D, 

1N4002 



Di protects against Ci 
D 2 protects against C 2 


VouT = 1.25V ( 1 +-§^) + RaUm 
•'1 

Figure 2. Regulator with Protection Diodes 
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LINEAR INTEGRATED CIRCUITS 

Advanced Regulating Pulse Width Modulators 


UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


FEATURES 

• Dual uncommitted 40V, 200mA output 
transistors 

• 1% accurate 5V reference 

• Dual error amplifiers 

• Wide range, variable deadtime 

• Single-ended or push-pull operation 

• Under-voltage lockout with hysteresis 

• Double pulse protection 

• Master or slave oscillator operation 
e UC493A/UC495B: Built in 80mV 

threshold for current limiting 

• UC495A/UC495B: Internal 39V zener 
diode 

• UC495A/UC495B: Buffered steering 
control 


DESCRIPTION 

This entire series of PWM modulators each provide a complete pulse width modulation 
system in a single monolithic integrated circuit. These devices include a 5V reference 
accurate to ±1%, two independent amplifiers usable for both voltage and current 
sensing, an externally synchronizable oscillator with its linear ramp generator, and two 
uncommitted transistor output switches. These two outputs may be operated either in 
parallel for single-ended operation or alternating for push-pull applications with an 
externally controlled dead-band. These units are internally protected against double- 
pulsing of a single output or from extraneous output signals when the input supply 
voltage is below minimum. 

The UC495A and UC495B also contain an on-chip 39V zener diode for high-voltage 
applications where Vcc would be greater than 40V, and a buffered output steering 
control that overrides the internal control of the pulse steering flip-flop. 

UC493A and UC494A are packaged in a 16-pin DIP, while the UC495A and UC495B are 
packaged in an 18-pin DIP. The UC493A, UC494A, UC495A and UC495B are specified 
for operation over the full military temperature range of -55®C to +125°C, while the 
UC493AC, UC494AC, UC495AC and UC495BC are designed for industrial applications 
from 0°C to +70®C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc (Note 2) 45V 

Amplifier Input Voltages Vcc + 0.3V 

Collector Output Voltage 41V 

Collector Output Current 250mA 

Continuous Total Dissipation lOOOmW 

@ (or below) 25°C free air temperature range (Note 3) 

Storage Temperature Range .-65® to +150®C 

Lead Temperature Vie" (1.6mm) from case for 60 seconds, 

J Package 300®C 

Lead Temperature Vie" (1.6mm) from case for 10 seconds, 

N Package 260®C 

Notes: 1. Over operating free air temperature range unless otherwise noted. 

2. All voltage values are with respect to network ground terminal. 

3. For J package, derate at 8.2mW/°C for ambient temperature 
above +28°C. For N package, derate at 9.2mW/“C for ambient 
temperature above +41°C. 


RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Vcc 7V to 40V 

Error Amplifier Input Voltages -0.3V to Vcc-2V 

Collector Output Voltage 40V 

Collector Output Current (each transistor) 200mA 

Current into Feedback Terminal 0.3mA 

Timing Capacitor, Ct 0.47nF to 10,000nF 

Timing Resistor, Rt 1.8KO to 500Kn 

Oscillator Frequency IkHz to 300kHz 

Operating Free Air Temperature 

UC493A, UC494A, UC495A, UC495B -55®C to +125®C 

UC493AC, UC494AC, UC495AC, UC495BC 0®C to -•-70®C 


BLOCK DIAGRAM 


(UC495A & UC495B) 

, 



FUNCTION TABLE | 

Output Control 
Connected to; 

Output Function 

Ground 

Single-Ended or 
Parallel Operation 


Push-Pull Alternating 

Vref 

Outputs 


UC495A and UC495B Only 


Steering Control 
(Output Control 
at Vref) 

Output Function 

Vs < 0.4V 

Vs > 2.4V 

PWM Output at Qi 
PWM Output at Q 2 
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CONNECTION DIAGRAMS 


DIL-16 (Top View) 
J or N Package 


NON-INV INPUT [T 
INV INPUT d- 
COMPEN/PWM COMP INPUT Hi 
DEAD TIME CONTROL [iH 
Ct[E- 
Rid- 
GROUND ll- 
Cid- 




UC493A/UC493AC 

UC494A/UC494AC 


NON-INV INPUT 

2 If .08V (UC493A ONLY) 

INV INPUT 

5.0V l-u] Vref 

OUTPUT CONTROL 

1 Vcc 

Ftsf' 




1e. 

He, 


UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


DIL-18 (Top View) 

J or N Package 

NON-INV INPUT (T- 
INV INPUTd- 
COMPEN/PWM COMP INPUT d: 
DEAD TIME CONTROL [i■ 
CT[5■ 
Rt[ 6 -[ 
GROUNDd' 

c,[I- 

E,d- 



UC495A/UC495AC 
UC495B/UC495BC 

dl NON-INV INPUT 

.08V (UC495B ONLY) 

iZl INV INPUT 

]-l Vref 

■1 Vz 

output control 

ID STEERING CONTROL 
Vcc 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature 
range, Vcc = 15V, f = lOkHz.) 


PARAMETER 

TEST CONDITIONS | MIN. 

TYP. 

MAX. 1 UNITS 1 

Reference Section | 

Output Voltage (Vref) 

lo = 1mA, Ta = 25‘’C 

4.95 

5 

5.05 

V 

Input Regulation 

Vcc = 7V to 40V 


2 

25 

mV 

Output Regulation 

lo = 1mA to 10mA 


1 

15 

mV 

Output Voltage over Temperature 

A Ta = Min. to Max. 

4.90 


5.10 

V 

Short Circuit Output Current (Note 1) 

Vref = 0, Ta = 25‘’C 

10 

35 

50 

mA 

Oscillator Section | 

Frequency (Note 2) 

Ct = O.Ol/uF, Rt = 12kO 


10 


kHz 

Standard Deviation of Frequency 
(Note 3) 

All values of Vcc, Ct, Rt, 

Ta constant 


10 


% 

Frequency Change with Voltage 

Vcc = 7V to 40V, Ta = 25‘’C 


0.1 


% 

Frequency Change with Temperature 

Ct = 0.01/iF, Rt = 12kO 

A Ta = Min. to Max. 



2 

% 

Deadtime Control Section (Output Control connected to Vref) 1 

Input Bias Current (Pin 4) 

V(PiN 4 ) = OV to 5.25V 


-2 

-10 


Maximum Duty-Cycle (Each Output) 

V(PIN 4) = OV 

45 



% 

Input Threshold Voltage (Pin 4) 

Zero Duty-Cycle 


3 

3.3 

V 

Maximum Duty-Cycle 

0 



Amplifier Section (Current Limit specifications apply to UC493A and UC495B only) | 

Input Offset Voltage 

Error 

Vo (PIN 3 ) = 2.5V 


2 

10 

mV 

Current Limit 

70 

80 

90 

Input Offset Current 

Vo (PIN 3 ) = 2.5V 


25 

250 

nA 

Input Bias Current 

Error 

Vo (PIN 3) = 2.5V 


-0.2 

-1 

M 

Current Limit 


-1 

-2 

Common-Mode Input Voltage Range 

Vcc = 7V to 40V 

0.3 to 
Vcc -2 



V 

Open Loop 

Voltage Gain 

Error 

A Vo = 3V, Vo = 0.5V to 3.5V 

, 

70 

95 


dB 

Current Limit 

66 

90 


Unity Gain Bandwidth 



800 


kHz 

Common-Mode 

Rejection Ratio 

Error 

Vcc = 40V, Ta = 25*^0 

65 

80 


dB 

Current Limit 

50 

70 


Output Sink Current (Pin 3) 

Vm = -15mV to -5V, V(pin 3 ) = 0.7V 

0.3 

0.7 


mA 

. Output Source Current (Pin 3) 

ViD = 15mV to 5V, VcpiN 3 ) = 3.5V 

-2 



mA 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature 
range, Vcc = 15V, f = lOkHz.) 


PARAMETER 

Output Section 

Collector Off-State Current 
Emmitter Off- State Current 
Collector-Emitter Common -Emitter 

Saturation Voltage Emitter-Follower 


TEST CONDITIONS 

VcE = 4QV, Vcc = 40V 

Vcc = Vc = 40V, Ve = 0 

Ve = 0, Ic = 200mA 

Vc = 15V, Ie = -200mA 
Vi = Vref 


odLurdLiur. vuiidsti | Emitter-Follower Vc = 15V, Ie = -200mA 
Output Control Input Current Vi = Vref 

PWM Comparator Section 

Input Threshold Voltage (Pin 3) Zero Duty-Cycle 

Input Sink Current (Pin 3) V(pin 3 ) - 0.7V 

Steering Control (UC495A and UC495B only, see Function Table) 

V(piN 13 ) = 0.4V, Qi active 

Input Current ~T, « ... ^ 7. 

V(PiN 13 ) = 2.4V, Q 2 active 

Deadband 

Zener Diode Circuit (UC495A and UC495B only) 


Breakdown Voltage 
Sink Current 

Total Device 

Standby Supply Current. 
Under-Voltage Lockout 


Vcc = 45V, Iz = 2mA 
V(PIN 15 ) = IV 

Pin 6 at Vref. All other 
inputs and outputs open. 


Vcc = 15V 
Vcc = 40V 


UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


MAX. 1 

1 UNITS 

100 

AiA 

-100 

//A 

1.3 


2.5 

V 

3.5 

mA 


4.5 1 

1 V 


Hysteresis 



300 


mV 

Switching Characteristics (Ta = 25 °C) | 

Output Voltage Rise Time 

Common-Emitter Configuration 


100 

200 

ns 

Output Voltage Fall Time 

Rl = 680, Cl = 15pF 


25 

100 

ns 

Output Voltage Rise Time 

Emitter-Follower Configuration 


100 

200 

ns 

Output Voltage Fall Time 

Rl = 680, Cl = 15pF 


40 

100 

ns 


Notes: 1. Duration of the short circuit should not exceed one second. ^ ^ 

2. Frequency for other values of Ct and Rt is approximately f = ^ 

RtCt 

3. Standard deviation is a measure of the statistical -distribution about the mean as derived from the formula 
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UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


Figure 1. Slaving Two or More Control Circuits 


Figure 2. Output Circuit of Error Amplifiers 




Figure 3. Output Connections for Single-Ended and Push-Pull Configurations 



Figure 4. Internal Buffer with Deadband for 

Steering Control on UC495A and UC495B 


Figure 5. Operation with Vin > 40V 

Using Internal Zener (UC495A and UC495B Only) 



STEERING 

CONTROL 



Figure 6. Error Amplifier Sensing Techniques 


Vo To Output Vref 
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LINEAR INTEGRATED CIRCUITS 

Advanced Regulating Pulse Width Modulators 


UC1524A 

UC2524A 

UC3524A 


DESCRIPTION 

The UC1524A family of regulating PWM ICs has been designed to retain the same 
highly versatile architecture of the industry standard UC1524 (SG1524) while offering 
substantial improvements to many of its limitations. The UC1524A is pin compatible 
with "non-A” models and in most existing applications can be directly interchanged 
with no effect on power supply performance. Using the UC1524A, however, frees the 
designer from many concerns which typically had required additional circuitry to solve. 

The UC1524A Includes a precise 5V reference trimmed to ±1% accuracy, eliminating 
the need for potentiometer adjustments; an error amplifier with an input range which 
includes 5V, eliminating the need for a reference divider; a current sense amplifier 
useful in either the ground or power supply output lines; and a pair of 60V, 200mA 
uncommitted transistor switches which greatly enhance output versatility. 

An additional feature of the UC1524A is an under-voltage lockout circuit which disables 
all the internal circuitry, except the reference, until the input voltage has risen to 8V. 

This holds standby current low until turn-on, greatly simplifying the design of low power, 
off-line supplies. The turn-on circuit has approximately 600mV of hysteresis for jitter- 
free activation. 

Other product enhancements included in the UC1524A's design include a PWM latch 
which insures freedom from multiple pulsing within a period, even in noisy environ- 
ments, logic to eliminate double pulsing on a single output, a 200ns external shutdown 
capability, and automatic thermal protection from excessive chip temperature. The 
oscillator circuit of the UC1524A is usable beyond 500kHz and is now easier to 
synchronize with an external clock pulse. 

The UC1524A is packaged in a hermetic 16-pln DIP and is rated for operation from 
-55®C to +125®C. The UC2524A and UC3524A are available in either ceramic or plastic 
packages and are rated for operation from -25°C to +85°C and 0®C to 70®C, respectively. 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vin) 40V 

Collector Supply Voltage (Vc) 60V 

Output Current (Each Output) 200mA 

Reference Output Current 50mA 

Oscillator Charging Current 5mA 

Power Dissipation at Ta = +25®C lOOOmW 

Derate above +50°C 10mW/®C 

Power Dissipation at Tc = +25°C 2000mW 

Derate for Case Temperature above +25°C 16mW/°C 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -SS^C to +150°C 

Lead Temperature (Soldering, 10 seconds) +300®C 


FEATURES 

• Fully interchangeable with standard 
UC1524 family 

• Precision reference internally trimmed 
to ±1% 

• High-Performance current limit function 

• Under- voltage lockout with hysteretic 
turn-on 

• Start-up supply current less than 4mA 

• Output current to 200mA 

• 60V output capability 

• Wide common-mode input range for 
both error and current limit amplifiers 

• PWM latch insures single pulse per 
period 

• Double pulse suppression logic 

• 200ns shutdown through PWM latch 

• Guaranteed frequency accuracy 

• Thermal shutdown protection 


BLOCK DIAGRAM 



10) SHUTDOWN 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 


J or N Package 


INV. input|T 


^+5V Vref 

NON-INV. INPUt(T 


^+V,N 

osc./sync[T 


Remitter b 

C.L (+) sense[T 


^COLLECTOR B 

C.L (-) SENSE |T 


^COLLECTOR A 

Rt I 6 


^EMITTER A 

Ct(T 


l^SHUTDOWN 

GROUND [T 


^COMPENSATION 
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UC1524A UC2524A UC3524A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1524A, 
-25°C to +85“C for the UC2524A, and O^C to +70“C for the UC3524A: Vin = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

UC1524A 

UC2524A 

UC3524A 

UNITS 

MIN. 

TYP. MAX. 

MIN. 

TYP. 

MAX. 

Turn-on Characteristics | 

Input Voltage 

Operating Range after Turn-on 

8 


40 

8 


40 

V 

Turn-on Threshold 


5.5 

7.5 

8.5 

5.5 

7.5 

8.5 

V 

Turn-on Current 

< 

z 

II 

cr> 

< 


2.5 

4 


2.5 

4 

mA 

Operating Current 

Vin = 8 to 40V 


5 

10 


5 

10 

mA 

Turn-on Hysteresis* 



0.6 



0.6 


V 

Reference Section | 

Output Voltage 

Tj = 25°C 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

Vin = 10 to 40V 


10 

20 


10 

30 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Temperature Stability* 

Over Operating Range* 


20 

50 


20 

50 

mV 

Short Circuit Current 

Vref = 0, Tj = 25°C 


80 

100 


80 

100 

mA 

Output Noise Voltage* 

10hz<f < lOkHz, Tj = 25°C 


40 



40 


/iVrms 

Long Term Stability* 

Tj = 125°C, 1000 Hrs. 


20 

50 


20 

50 

mV 

Oscillator Section (Unless otherwise specified, Rj = 27000, Ct = 0.01 mfd) | 

Initial Accuracy 

Tj = 25°C 

41 

43 

45 

39 

43 

47 

kHz 

Temperature Stability 

Over Operating Temperature Range 


1 

2 


1 

2 

% 

Minimum Frequency* 

Rt = 150kn, Ct = 0.1 mfd 



140 



120 

Hz 

Maximum Frequency 

Rt = 2.0kQ, Ct = 470 pF 

500 



500 



kHz 

Output Amplitude* 

Tj = 25°C 


3.5 



3.5 


V 

Output Pulse Width* 

Tj = 25‘’C 


0.5 



0.5 


fjS 

Ramp Peak 


3.3 

3.5 

3.7 

3.3 

3.5 

3.7 

V 

Ramp Valley 

Tj = 25°C 

0.7 

0.8 

0.9 

0.7 

0.8 

0.9 

V 

Ramp Valley T.C. 



-1.0 



-1.0 


mV/°C 

1 Error Amplifier Section (Unless otherwise specified, Vcm = 2.5V) | 

Input Offset Voltage 



0.5 

5 


2 

10 

mV 

Input Bias Current 



1 

5 


1 

10 

M 

Input Offset Current 



.05 

1 


0.5 

1 

M 

Common Mode Rejection Ratio 

Vcm = 1.5 to 5.5V 

60 

75 


60 

75 


dB 

Power Supply Rejection Ratio 

Vin = 10 to 40V 

50 

60 


50 

60 


dB 

Output Swing 

Minimum Total Range 

0.5 


5.0 

0.5 


5.0 

V 

Open Loop Voltage Gain 

AVo = 1 to 4V, Rl > 10 Meg Q 

72 

80 


60 

80 


dB 

Gain-Bandwidth* 

Tj = 25X, Av = OdB 

1 

3 


1 

3 


MHz 

DC Transconductance*t 

Tj = 25®C, 30kfi<RL<lMQ 

1.7 

2.3 


1.7 

2.3 


mS 


* These parameters are guaranteed by design but not 100% tested in production. 

t DC transconductance (gM) relates to DC open-loop voltage gain according to the following equation: Av = EmRl 
where Rl is the resistance from pin 9 to ground. 

The minimum gM specification is used to calculate minimum Av when the error amplifier output is loaded. 
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UC1524A UC2524A UC3524A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125®C for the UC1524A, 


-25X to +85°C for the UC2524A, and OX to +70X for the UC3524A: Vin = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

UC1524A 

UC2524A 

UC3524A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit Amplifier (Unless otherwise specified, Pin 5 = OV) | 

Input Offset Voltage 

Tj = 25°C, E/A Set for Maximum Output 

190 

200 

210 

180 

200 

220 

mV 

Input Offset Voltage 

Over Operating Temperature Range 

180 


220 

170 


230 

mV 

Input Bias Current 



-1 

-10 


-1 

-10 


Common Mode Rejection Ratio 

V(Pin 5 ) = -0.3V to +5.5V 

50 

60 


50 

60 


dB 

Power Supply Rejection Ration 

Vin = 10 to 40V 

50 

60 


50 

60 


dB 

Output Swing 

Minimum Total Range 

0.5 


5.0 

0.5 


5.0 

V 

Open-Loop Voltage Gain 

AVo = 1 to 4V, Rl > 10 Meg Q 

70 

80 


70 

80 


dB 

Delay Time* 

Pin 4 to Pin 9, AVin = 300mV 


300 



300 


ns 

Output Section (Each Output) | 

Collector Emitter Voltage 

Ic = 100/iA 

60 

80 


60 

80 


V 

Collector Leakage Current 

VcE = 50V 


.1 

20 


.1 

20 

aA 

Saturation Voltage 

Ic = 20mA 

Ic = 200mA 


.2 

1 

.4 

2.2 


.2 

1 

.4 

2.2 

V 

V 

Emitter Output Voltage 

Ie = 50mA 

17 

18 


17 

18 


V 

Rise Time* 

Tj = 25X, R = 2K n 


200 



200 


ns 

Fall Time* 

Tj = 25X, R = 2K n 


100 



100 


ns 

Comparator Delay* 

Tj = 25®C, Pin 9 to output 


300 



300 


ns 

Shutdown Delay* 

Tj = 25°C, Pin 10 to Output 


200 



200 


ns 

Shutdown Threshold 

Tj = 25X, Rc = 2K fi 

0.6 

.7 

1.0 

0.6 

.7 

1.0 

V 

Thermal Shutdown* 



165 



165 


X 


* These parameters are guaranteed by design but not 100% tested in production. 


OPEN-LOOP TEST CIRCUIT 


Note: The UC1524A should be able to be tested in any 1524 test circuit with two possible exceptions: 

1. The higher gain-bandwidth of the current limit amplifier in the UC1524A may cause oscillations in an uncompensated 1524 
test circuit. 

2. The effect of the shutdown, pin 10, cannot be seen at the compensation terminal, pin 9, but must be observed at the outputs. 
The circuit below will allow all UC1524A functions to be evaluated. 
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OSCILLATOR FREQUENCY (Hz) 


UC1524A UC2524A UC3524A 



Error Amplifier Voltage Gain 
and Phase vs Frequency 


Pulse Width Modulator 
Transfer Function 



SUPPLY VOLTAGE - V,n (V) 


lOk 100k 
FREQUENCY - (Hz) 


-360* 

lOM 



PWM INPUT VOLTAGE (PIN 9) - (V) 


Oscillator Frequency vs Timing 
Components 



Output Dead Time vs Timing 
Capacitor Value 



Output Saturation Voltage 



TIMING RESISTOR - RT(kO) 


TIMING CAPACITOR - Ct (nF) 


50 100 150 200 250 

OUTPUT COLLECTOR CURRENT (mA) 


Current Limit Amplifier Delay 


Shutdown Delay From PWM 
Comparator — Pin 9 


Turn-Off Delay From 
Shutdown — Pin 10 
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LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulators 


UC1524 

UC2524 

UC3524 


FEATURES 

• Complete PWM Power control circuitry 

• Uncommitted outputs for single-ended 
or push-pull applications 

• Low standby current ... 8mA typical 

• Interchangeable with SG1524, SG2524 
and SG3524, respectively 


DESCRIPTION 

The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip all the 
functions required for the construction of regulating power supplies inverters or 
switching regulators. They can also be used as the control element for high-power- 
output applications. The UC1524 family was designed for switching regulators of either 
polarity, transformer-coupled dc-to-dc converters, transformerless voltage doublers and 
polarity converter applications employing fixed-frequency, pulse-width modulation 
techniques. The dual alternating outputs allow either single-ended or push-pull 
applications. Each device includes an on-chip reference, error amplifier, programmable 
oscillator, pulse-steering flip-flop, two uncommitted output transistors, a high-gain 
comparator, and current-limiting and shut-down circuitry. The UC1524 is characterized 
for operation over the full military temperature range of -55°C to +125®C. The UC2524 
and UC3524 are designed for operation from -25°C to +85°C and 0°C to +70°C, 
respectively. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc (Notes 2 and 3) 40V 

Collector Output Current 100mA 

Reference Output Current 50mA 

Current Through Ct Terminal -5mA 

Power Dissipation at Ta = +25°C (Note 4) lOOOmW 

Thermal Resistance, Junction to Ambient lOO^C/W 

Power Dissipation at Tc = +25®C (Note 5) 2000mW 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature Range -55®C to +150°C 

Storage Temperature Range -65°C to +150°C 


Notes: 1. Over operating free-air temperature range unless otherwise 
noted. 

2. All voltage values are with respect to the ground terminal, pin 8 

3. The reference regulator may be bypassed for operation from a 
fixed 5V supply by connecting the Vcc and reference output 
pins both to the supply voltage. In this configuration the 
maximum supply voltage is 6V. 

4. Derate at 10mW/°C for ambient temperatures above +50°C 

5. Derate at 16mW/®C for case temperatures above +25°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage, Vcc 8V to 40V 

Reference Output Current 0 to 20mA 

Current through Ct Terminal -0.03mA to -2mA 

Timing Resistor, Rt 1.8KO to lOOKfi 

Timing Capacitor, Ct 0.00 ljuF to 0.1/iF 

Operating Ambient Temperature Range 

UC1524 -55°C to +125°C 

UC2524 -25°C to +85°C 

UC3524 0°C to +70°C 


BLOCK DIAGRAM 



CONNECTION DIAGRAM 


DIL-16 

J or N Package 







INV NON- OSC (+) (-) Rt Ct GND 

INPUT INV OUT C.L. C.L 
INPUT SENSE 
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UC1524 UC2524 UC3524 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply forTA = -55°C to +125°C for the UC1524, 
-25°C to +85°C for the UC2524, and 0°C to +70°C for the UC3524, V,n = 20V, and f = 20kHz) 


PARAMETER 

TEST CONDITIONS 

UC1524/UC2524 

UC3524 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 


4.8 

5.0 

5.2 

4.6 

5.0 

5.4 

V 

Line Regulation 

V,N = 8 to 40V 


10 

20 


10 

30 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Ripple Rejection 

f = 120Hz, Tj = 25‘’C 


66 



66 


dB 

Short Circuit Current Limit 

Vref = 0, Tj =25<’C 


100 



100 


mA 

Temperature Stability 

Over Operating Temperature Range 


0.3 

1 


0.3 

1 

% 

Long Term Stability 

Tj = 125‘’C,t = 1000Hrs. 


20 



20 



mV 

Oscillator Section | 

Maximum Frequency 

Ct = .OOlmfd, Rt = 2kQ 


300 



300 


kHz 

Initial Accuracy 

Rt and Ct Constant 


5 



5 


% 

Voltage Stability 

V,N = 8 to 40V, Tj = 25°C 



1 



1 

% 

Temperature Stability 

Over Operating Temperature Range 



2 



2 

% 

Output Amplitude 

Pin 3, Tj =25‘’C 


3.5 



3.5 


V 

Output Pulse Width 

Ct= .Olmfd, Tj = 25‘’C 


0.5 



0.5 


fJS 

Error Amplifier Section | 

Input Offset Voltage 

VcM = 2.5V 


0.5 

5 


2 

10 

mV 

Input Bias Current 

VcM = 2.5V 


2 

10 


2 

10 

aA 

Open Loop Voltage Gain 


72 

80 


60 

80 


dB 

Common Mode Voltage 

T| = 25°C 

1.8 


3.4 

1.8 


3.4 

V 

Common Mode Rejection Ratio 

Tj = 25°C 


70 



70 


dB 

Small Signal Bandwidth 

Av = 0dB, Tj = 25“C 


3 



3 


MHz 

Output Voltage 

Tj = 25°C 

0.5 


3.8 

0.5 


3.8 

V 

Comparator Section | 

Duty-Cycle 

% Each Output On 

0 


45 

0 


45 

% 

Input Threshold 

Zero Duty-Cycle 


1 



1 


V 

Input Threshold 

Maximum Duty-Cycle 


3.5 



3.5 


V 

Input Bias Current 



1 



1 



/^A 

Current Limiting Section | 

Sense Voltage 

Pin 9 = 2V with Error Amplifier 

Set for Maximum Out, Tj = 25®C 

190 

200 

210 

180 

200 

220 

mV 

Sense Voltage T.C. 



0.2 



0.2 


mV/°C 

Common Mode Voltage 



-1 


+1 

-1 


+1 

V 

Output Section (Each Output) | 

Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

VcE = 40V 


0.1 

50 


0.1 

50 

fjA 

Saturation Voltage 

Ic = 50mA 


1 

2 


1 

2 

V 

Emitter Output Voltage 

V,N = 20V 

17 

18 


17 

18 


V 

Rise Time 

Rc=2K ohm, Tj = 25°C 


0.2 



0.2 


/JS 

Fall Time 

Rc = 2K ohm, Tj = 25°C 


0.1 



0.1 


fjS 

Total Standby Current 

V,N = 40V 


8 

10 


8 

10 

mA 

(Excluding oscillator charging current, error and current limit 
dividers, and with outputs open) 
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UC1524 UC2524 UC3524 


TYPICAL CHARACTERISTICS 


^ Open- Loop Voltage Amplification 

of Error Amplifier Oscillator Frequency 

vs Frequency vs Timing Components 
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Rt - TIMING RESISTOR (kO) 
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UC1524 UC2524 UC3524 


PRINCIPLES OF OPERATION 

The UC1524 is a fixed-frequency pulse-width-modulation voltage 
regulator control circuit. The regulator operates at a frequency that 
is programmed by one timing resistor (Rt) and one timing capacitor 
(Ct). Rt establishes a constant charging current for Ct. This results 
in a linear voltage ramp at Ct, which is fed to the comparator 
providing linear control of the output pulse width by the error 
amplifier. The UC1524 contains an on-board 5V regulator that 
serves as a reference as well as powering the UC1524’s internal 
control circuitry and is also useful in supplying external support 
functions. This reference voltage is lowered externally by a resistor 
divider to provide a reference within the common-mode range of 
the error amplifier or an external reference may be used. The power 
supply output is sensed by a second resistor divider network to 
generate a feedback signal to the error amplifier. The amplifier 
output voltage is then compared to the linear voltage ramp at Ct. 
The resulting modulated pulse out of the high-gain comparator is 


then steered to the appropriate output pass transistor (Qi or Qa) by 
the pulse-steering flip-flop, which is synchronously toggled by the 
oscillator output. The oscillator output pulse also serves as a 
blanking pulse to assure both outputs are never on simultaneously 
during the transition times. The width of the blanking pulse is 
controlled by the value of Ct. The outputs may be applied in a push- 
pull configuration in which their frequency is half that of the base 
oscillator, or paralleled for single-ended applications in which the 
frequency is equal to that of the oscillator. The output of the error 
amplifier shares a common input to the comparator with the 
current limiting and shutdown circuitry and can be overridden by 
signals from either of these inputs. This common point is also 
available externally and may be employed to control the gain of, or 
to compensate, the error amplifier, or to provide additional control 
to the regulator. 



TYPICAL APPLICATIONS DATA 
Oscillator 

The oscillator controls the frequency of the UC1524 and is 
programmed by Rt and Ct according to the approximate formula: 


where Rt is in kilohms 

Ct is in microfarads 
f is in kilohertz 

Practical values of Ct fall between 0.001 and 0.1 microfarad. 
Practical values of RTfall between 1.8 and 100 kilohms. This results 
in a frequency range typically from 120 hertz to 500 kilohertz. 

Blanking 

The output pulse of the oscillator is used as a blanking pulse at the 
output. This pulse width is controlled by the value of Ct. If small 
values of CTare required forfrequencycontrol, the oscillator output 
pulse width may still be increased by applying a shunt capacitance 
of up to lOOpF from pin 3 to ground. If still greater dead-time is 
required, it should be accomplished by limiting the maximum duty 


cycle by clamping the output of the error amplifier. This can easily 
be done with the circuit below: 



Comp 


Gnd (?) 


1N916 


5k 


Synchronous Operation 

When an external clock is desired, a clock pulse of approximately 
3V can be applied directly to the oscillator output terminal. The 
impedance to ground at this point is approximately 2 kilohms. In 
this configuration Rt Ct must be selected for a clock period slightly 
greater than that of the external clock. 

If two or more UC1524 regulators are to be operated synchronously, 
all oscillator output terminals should be tied together, all Ct 
terminals connected to a single timing capacitor, and the timing 
resistor connected to a single Rt terminal. The other Rt terminals 
can be left open or shorted to Vref. Minimum lead lengths should be 
used between the Ct terminals. 


Single-Ended LC Switching Regulator Circuit 


Push-Pull Transformer-Coupled Circuit 
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UC1524 UC2524 UC3524 


OPEN LOOP TEST CIRCUIT 



MECHANICAL SPECIFICATIONS 


UC1524 UC2524 UC3524 


0.785 (20.0) 


0.755 (19.1) 

@(iD(SxO)®(n)(i3)@ 


0.025 (0.63) R NOM 



®®(D@®(IXz)® 


0.245 (6.22) 
0.050 (1.27) NOM 


SEATING PLANE ■ 
0.014 (0.356) 


0.200 (5.08) T 
MAX 


j\--0.008 (0.203) 


16 PLACES 


Dimensions in inches and (millimeters) 


h-0.070 (1.78) MAX 16 PLACES 



0.012 (0.304) MIN 
4 PLACES 


0.030 (0.76) MIN 
12 PLACES 

.02 3 (0.584) 
.015 (0.381) 


0.050 (1.27) , 


PIN SPACING 0.100 (2.54) T.P. ^ (0.38) 


16 PIN J CERAMIC 
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LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulators 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


FEATURES 

• 8 to 35V operation 

• 5.1V reference trimmed to ±1% 

• lOOHz to 500kHz oscillator range 

• Separate oscillator sync terminal 

• Adjustable deadtime control 

• Internal soft-start 

• Pulse-by-pulse shutdown 

• Input undervoltage lockout with 
hysteresis 

• Latching PWM to prevent multiple 
pulses 

• Dual source/sink output drivers 


DESCRIPTION 

The UC1525A/1527A series of pulse width modulator integrated circuits are designed 
to offer improved performance and lowered external parts count when used in designing 
all types of switching power supplies. The on-chip +5. IV reference is trimmed to ±1% 
and the input common-mode range of the error amplifier includes the reference voltage, 
eliminating external resistors. A sync input to the oscillator allows multiple units to be 
slaved or a single unit to be synchronized to an external system clock. A single re^stor 
between the Ct and the discharge terminals provide a wide range of dead time adjust- 
ment. These devices also feature built-in soft-start circuitry with only an external timing 
capacitor required. A shutdown terminal controls both the soft-start circuitry and the 
output stages, providing instantaneous turn off through the PWM latch with pulsed 
shutdown, as well as soft-start recycle with longer shutdown commands. These 
functions are also controlled by an undervoltage lockout which keeps the outputs off 
and the soft-start capacitor discharged for sub-normal input voltages. This lockout 
circuitry includes approximately 500mV of hysteresis for jitter-free operation. Another 
feature of these PWM circuits is a latch following the comparator. Once a PWM pulse has 
been terminated for any reason, the outputs will remain off for the duration of the period. 
The latch is reset with each clock pulse. The output stages are totem-pole designs 
capable of sourcing or sinking in excess of 200mA. The UC1525A output stage features 
NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR logic which 
results in a HIGH output level when OFF. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, (+Vin) +40V 

Collector Supply Voltage (Vc) +40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +Vin 

Output Current, Source or Sink 500mA 

Reference Output Current 50mA 

Oscillator Charging Current 5mA 

Power Dissipation at Ta= +25®C (Note 2) lOOOmW 

Thermal Resistance, Junction to Ambient lOO^C/W 

Power Dissipation at Tc = +25®C (Note 3) 2000mW 

Thermal Resistance, Junction to Case 60®C/W 

Operating Junction Temperature -55°C to +150‘’C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) +300°C 


Notes: 1. Values beyond which damage may occur. 

2. Derate at 10mW/°C for ambient temperatures above +50°C. 

3. Derate at 16mW/°C for case temperatures above +25°C. 


RECOMMENDED OPERATING CONDITIONS (Note 4) 


Input Voltage (+Vin) +8V to +35V 

Collector Supply Voltage (Vc) +4.5V to +35V 

Sink/Source Load Current (steady state) 0 to 100mA 

Sink/Source Load Current (peak) 0 to 400mA 

Reference Load Current. 0 to 20mA 

Oscillator frequency Range lOOHz to 400kHz 

Oscillator Timing Resistor 2kn to 150kO 

Oscillator Timing Capacitor 001/iF to 0.1/iF 

Dead Time Resistor Range 0 to 5000 

Operating Ambient Temperature Range 

UC1525A, UC1527A -55"C to +125“C 

UC2525A, UC2527A -25‘’C to +85‘’C 

UC3525A, UC3527A OX to +70X 


Notes: 4. Range over which the device is functional and parameter limits 
are guaranteed. 


BLOCK DIAGRAM CONNECTION DIAGRAM 


DIL-16 (Top View) 

J or N Package 


INV. INPUT [T 

nn 

Vref 

N.l. INPUT [T 


+v,N 

SYNC [T 


OUTPUT B 

OSC. OUTPUT |T 


TH Vc 

Ct [5 


^ GROUND 

Rt 


OUTPUT A 

DISCHARGE [T 


^ SHUTDOWN 

SOFT-START |T 


^ COMPENSATION 
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UC1525A UC1527A 
UC2525A UC2527A 

ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified) UC3525A UC3527A 


PARAMETER 

TEST CONDITIONS 

UC1525A/UC2525A 

UC1527A/UC2527A 

UC3525A 

UC3527A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25^0 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

ViN = 8 to 35V 


10 

20 


10 

20 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Temperature Stability (Note 5) 

Over Operating Range 


20 

50 


20 

50 

mV 

Total Output Variation (Note 5) 

Line, Load, and Temperature 

5.00 


5.20 

4.95 


5.25 

V 

Short Circuit Current 

Vref = 0. Tj =25‘»C 


80 

100 


80 

100 

mA 

Output Noise Voltage (Note 5) 

lOHz < lOkHz, Tj = 25°C 


40 

200 


40 

200 

/iVrms 

Long Term Stability (Note 5) 

Tj = 125°C 


20 

50 


20 

50 

mV 

Oscillator Section (Note 6) | 

Initial Accuracy (Notes 5 & 6) 

Tj = 25°C 


±2 

±6 


±2 

±6 

% 

Voltage Stability (Notes 5 & 6) 

ViN = 8 to 35V 


±0.3 

±1 


±1 

±2 

% 

Temperature Stability (Note 5) 

Over Operating Range 


±3 

±6 


±3 

±6 

% 

Minimum Frequency 

Rt = 200kQ, Cj = O.l/uF 



120 



120 

Hz 

Maximum Frequency 

Rt = 2kO, Ct = 470pF 

400 



400 



kHz 

Current Mirror 

Irt = 2mA 

1.7 

2.0 

2.2 

1.7 

2.0 

2.2 

mA 

Clock Amplitude (Notes 5 & 6) 


3.0 

3.5 


3.0 

3.5 


V 

Clock Width (Notes 5 & 6) 

Tj = 25‘’C 

0.3 

0.5 

1.0 

0.3 

0.5 

1.0 

fiS 

Sync Threshold 


1.2 

2.0 

2.8 

1.2 

2.0 

2.8 

V 

Sync Input Current 

Sync Voltage = 3.5V 


1.0 

2.5 


1.0 

2.5 

mA 

Error Amplifier Section (Vcm = 5.1V) | 

Input Offset Voltage 



0.5 

5 


2 

10 

mV 

Input Bias Current 



1 

10 


1 

10 

a/A 

Input Offset Current 




1 



1 

//A 

DC Open Loop Gain 

Rl > 10 Meg O 

60 

75 


60 

75 


dB 

Gain-Bandwidth Product 
(Note 5) 

Av = OdB, Tj = 25‘’C 

1 

2 


1 

2 


MHz 

DC Transconductance 
(Notes 5 & 7) 

Tj = 25°C, 30kfi<RL<lMQ 

1.1 

1.5 


1.1 

1.5 


mS 

Output Low Level 



0.2 

0.5 


0.2 

0.5 

V 

Output High Level 


3.8 

5.6 


3.8 

5.6 


V 

Common Mode Rejection 

Vcm = 1.5 to 5.2V 

60 

75 


60 

75 


dB 

Supply Voltage Rejection 

ViN = 8 to 35V 

50 

60 


50 

60 


dB 


Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 

1 

6. Tested at fosc = 40KHz (Rt = 3.6kn, Cj = .01/iF, Rd = OQ). Approximate oscillator frequency is defined by: f = Ct(0.7Rt + 3Rd) 

7. DC transconductance (gM) relates to DC open-loop voltage gain (Ay) according to the following equation: Av = SmRl 
where Rl is the resistance from pin 9 to ground. 

The minimum gM specification is used to calculate minimum Av when the error amplifier output is loaded. 
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UC1525A UC1527A 
UC2525A UC2527A 

ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified) UC3525A UC3527A 


PARAMETER 

TEST CONDITIONS 

UC1525A/UC2525A 

UC1527A/UC2527A 

UC3525A 

UC3527A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

PWM Comparator | 

Minimum Duty-Cycle 




0 



0 

% 

Maximum Duty-Cycle 


45 

49 


45 

49 


% 

Input Threshold (Note 6) 

Zero Duty-Cycle 

0.7 

0.9 


0.7 

0.9 


V 

Input Threshold (Note 6) 

Maximum Duty-Cycle 


3.3 

3.6 


3.3 

3.6 

V 

Input Bias Current (Note 5) 



.05 

1.0 


.05 

1.0 

nk 

Shutdown Section | 

Soft Start Current 

VsD = OV, Vss = OV 

25 

50 

80 

25 

50 

80 

//A 

Soft Start Low Level 

VsD = 2.5V 


0.4 

0.7 


0.4 

0.7 

V 

Shutdown Threshold 

To outputs, Vss = 5.1V, Tj = 25®C 

0.6 

0.8 

1.0 

0.6 

0.8 

1.0 

V 

Shutdown Input Current 

VsD = 2.5V 


0.4 

1.0 


0.4 

1.0 

mA 

Shutdown Delay (Note 5) 

VsD = 2.5V, Tj = 25^ 


0.2 

0.5 


0.2 

0.5 

fjS 

Output Drivers (Each Output) (Vc = 20V) | 

Output Low Level 

IsiNK = 20mA 


0.2 

0.4 


0.2 

0.4 

V 

IsiNK = 100mA 


1.0 

2.0 


1.0 

2.0 

V 

Output High Level 

IsouRCE = 20mA 

18 

19 


18 

19 


V 

IsouRCE = 100mA 

17 

18 


17 

18 


V 

Linder- Voltage Lockout 

VcoMP and Vss = High 

6 

7 

8 

6 

7 

8 

V 

Vc OFF Current (Note 7) 

Vc = 35V 



200 



200 

aA 

Rise Time (Note 5) 

Cl = InF, Tj = 25‘’C 


100 

600 


100 

600 

ns 

Fall Time (Note 5) 

Cl = Inf, Tj =25^ 


50 

300 


50 

300 

ns 

Total Standby Current | 

Supply Current 

ViN = 35V 


14 

20 1 

14 

20 

mA 


Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 

6. Tested at fosc = 40KHz (Rj =3.6kfl, Ct = 0.1/iF, Rd = OQ). 

7. Collector off- state quiescent current measured at pin 13 with outputs low for UC1525A and high for UC1527A. 
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


UC1525A Output Circuit 

(Vi Circuit Shown) 



CLOCK F/F PWM 



For single-ended supplies, the driver outputs are grounded. 
The Vc terminal is switched to ground by the totem-pole source 
transistors on alternate oscillator cycles. 



The low source impedance of the output drivers provides rapid 
charging of power FET input capacitance while minimizing 
external components. 


LIC1525A Output Saturation 
Characteristics 



OUTPUT CURRENT, SOURCE OR SINK (A) 



In conventional push-pull bipolar designs, forward base drive 
is controlled by R1-R3. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors Ci and C 2 . 



Di, Da: 1N5819 


Low power transformers can be driven by the UC1525A. Auto- 
matic reset occurs during dead time, when both ends of the pri- 
mary winding are switched to ground. 
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


SHUTDOWN OPTIONS (See Block Diagram) 

Since both the compensation and soft-start terminals (Pins 9 
and 8) have current source pull-ups, either can readily accept 
a pull-down signal which only has to sink a maximum of 
100/iA to turn off the outputs. This is subject to the added 
requirement of discharging whatever external capacitance may 
be attached to these pins. 

An alternate approach is the use of the shutdown circuitry of 
Pin 10 which has been improved to enhance the available 
shutdown options. Activating this circuit by applying a positive 
signal on Pin 10 performs two functions: the PWM latch is 
immediately set providing the fastest turn-off signal to the 
outputs: and a 150/iA current sink begins to discharge the 
external soft-start capacitor. If the shutdown command is 
short, the PWM signal is terminated without significant 
discharge of the soft-start capacitor, thus, allowing, for 
example, a convenient implementation of pulse-by-pulse 
current limiting. Holding Pin 10 high for a longer duration, 
however, will ultimately discharge this external capacitor, 
recycling slow turn-on upon release. 

Pin 10 should not be left floating as noise pickup could 
conceivably interrupt normal operation. 


UC1525A Oscillator Schematic 



Oscillator Charge Time 
vs. Rt and Ct 



CHARGE TIME (ps) 


Oscillator Discharge Time 
vs. Rq and Ct 



c\j in 

d d 


CM moo o o o 

.-I CM moo 

DISCHARGE TIME (ps) 


UC1525A Error Amplifier 




-180° 

-270° 

-360° 


FREQUENCY - (Hz) 
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MECHANICAL SPECIFICATIONS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


0 .; 


t 0.310 (7.88) 
0.290 (7.36) 
0.280 (7.11) 


ii 


16 PLACES 


-y— 
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nno * _y- 


SEATING PLANE - 

gno Q (Q 356) 

-- JiU-0.008 (0.203) 

^ 16 PLACES 


0.785 (20,0) 

0.755 (19.1) 
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UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 
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SEALANT 


\\ 0.030 (0.76) MIN 
12 PLACES 


Dimensions in inches and (millimeters) 


Jl 


0.050 (1.27) ^ 
PIN SPACING O.lOO (2.54) T.P. (0-38) 


M 


2. 23 . (PA84).. 16 places 

015 (0.381) 


OIL- 16 J CERAMIC 




UNITRODE INTEGRATED CIRCUITS 

7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 - . _ 

TEL. (603) 424-2410 • TELEX 95-3040 3-45 


PRINTED IN U.S.A. 



LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulator 


UC1526A 

UC2526A 

UC3526A 


FEATURES 

• Reduced Supply Current 

• Oscillator Frequency to 600KHz 

• Precision Band-Gap Reference 

• 7 to 35V Operation 

• Dual 100mA Source/Sink Outputs 

• Minimum Output Cross-Conduction 

• Double-Pulse Suppression Logic 

• Under-Voltage Lockout 

• Programmable Soft-Start 

• Thermal Shutdown 

• TTL/CMOS Compatible Logic Ports 


DESCRIPTION 

The UC1526A Series are improved- performance pulse-width modulator circuits 
intended for direct replacement of equivalent non-“A'’ versions in all applications. 
Higher frequency operation has been enhanced by several significant improvements 
including: a more accurate oscillator with less minimum dead time, reduced circuit 
delays (particularly in current limiting), and an improved output stage with negligible 
cross-conduction current. Additional improvements include the incorporation of a 
precision, band-gap reference generator, reduced overall supply current, and the 
addition of thermal shutdown protection. 

Along with these^ improvements, the UC1526A Series retains the protective features of 
under-voltage lockout, soft-start, digital current limiting, double pulse suppression logic, 
and adjustable deadtime. For ease of interfacing, all digital control ports are TTL 
compatible with active low logic. 

These versatile devices may be used to implement single-ended or push-pull switching 
regulators of all topologies. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage (+Vin) +40V 

Collector Supply Voltage (+Vc) +40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +Vin 

Source/Sink Load Current (each output) 200mA 

Reference Load Current 50mA 

Logic Sink Current 15mA 

Power Dissipation at Ta = +25°C (Note 2) lOOOmW 

Thermal Resistance, Junction to Ambient 100®C/W 

Power Dissipation at Tc = ■»-25°C (Note 3) 3000mW 

Thermal Resistance, Junction to Case 42°C/W 

Operating Junction Temperature +150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 seconds) +300°C 


Notes: 1. Values beyond which damage may occur. 

2. Derate at 10mW/°C for ambient temperatures above +50°C. 

3. Derate at 24mW/°C for case temperatures above +25°C. 


RECOMMENDED OPERATING CONDITIONS (Note 4) 


Input Voltage +7V to +35V 

Collector Supply Voltage +4.5V to +35V 

Sink/Source Load Current (each output) 0 to 100mA 

Reference Load Current 0 to 20mA 

Oscillator Frequency Range IHz to 600kHz 

Oscillator Timing Resistor 2kfi to 150kO 

Oscillator Timing Capacitor 400pF to 20//F 

Available Deadtime Range at 40kHz 1% to 50% 

Operating Ambient Temperature Range 

UC1526A -55°Cto +125°C 

UC2526A -25°C to +85°C 

UC3526A OX to +70X 


Note: 4. Range over which the device is functional and parameter limits 
are guaranteed. 


BLOCK DIAGRAM 



CONNECTION DIAGRAM 


DIL-18 (TOP VIEW) 

J or N PACKAGE 


+ ERR0R \T 


18| Vref 
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UC1526A 

UC2526A 


ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526A 


PARAMETER 

TEST CONDITIONS 

UC1526A/UC2526A 

UC3526A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section (Note 5) | 

Output Voltage 

Tj = +25°C 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

+ViN = 7 to 35V 


2 

10 


2 

15 

mV 

Load Regulation 

Il = 0 to 20mA 


5 

20 


5 

20 

mV 

Temperature Stability 

Over Operating Tj (Note 6) 


15 

50 


15 

50 

mV 

Total Output 

Voltage Range 

Over Recommended 

Operating Conditions 

4.90 

5.00 

5.10 

4.85 

5.00 

5.15 

V 

Short Circuit Current 

Vref = OV 

25 

50 

100 

25 

50 

100 

mA 

Under-Voltage Lockout | 

RESET Output Voltage 

Vref = 3.8V 


0.2 

0.4 


0.2 

0.4 

V 

RESET Output Voltage 

Vref = 4.7V 

2.4 

4.7 


2.4 

4.8 


V 

Oscillator Section (Note 7) | 

Initial Accuracy 

Tj = +25°C 


±3 

±8 


±3 

±8 

% 

Voltage Stability 

-hVin = 7 to 35V 


0.5 

1 


0.5 

1 

% 

Temperature Stability 

Over Operating Tj (Note 6) 


2 

6 


1 

3 

% 

Minimum Frequency 

Rt = 150kn, Ct = 20//F (Note 6) 



1 



1 

Hz 

Maximum Frequency 

Rt = 2kfi, Ct = 470pF 

550 



650 



kHz 

Sawtooth Peak Voltage 

+ViN = 35V 


3.0 

3.5 


3.0 

3.5 

V 

Sawtooth Valley Voltage 

+ViN = 7V 

0.5 

1.0 


0.5 

1.0 


V 

SYl^ Pulse Width 

Tj = 25°C, Rl = 2.7kn to Vref 


1.1 



1.1 


AS 

I Error Amplifier Section (Note 8) | 

Input Offset Voltage 

Rs < 2kO 


2 

5 


2 

10 

mV 

Input Bias Current 



-350 

-1000 


-350 

-2000 

nA 

Input Offset Current 



35 

100 


35 

200 

nA 

DC Open Loop Gain 

Rl > 10 Meg Q 

64 

72 


60 

72 


dB 

HIGH Output Voltage 

Vpinl-Vpin2>150mV, Uource = 100//A 

3.6 

4.2 


3.6 

4.2 


V 

LOW Output Voltage 

Vpin2-Vpinl>150mV, Uink = lOOfiA 


0.2 

0.4 


0.2 

0.4 

V 

Common Mode Rejection 

Rs < 2kO 

70 

94 


70 

94 


dB 

Supply Voltage Rejection 

+ViN = 12 to 18V 

66 

80 


66 

80 


dB 

I PWM Comparator (Note 7) | 

Minimum Duty Cycle 

Vcompensation - +0.4V 



0 



0 

% 

Maximum Duty Cycle 

Vcompensation = +3.6V 

45 

49 


45 

4^ 



% 

Digital Ports (SYNC, SHUTDOWN, and RESET) | 

HIGH Output Voltage 

Isource - AOyvA 

2.4 

4.0 


2.4 

4.0 


V 

LOW Output Voltage 

Isink “ 3.6mA 


0.2 

0.4 


0.2 

0.4 

V 

HIGH Input Current 

ViH = +2.4V 


-125 

-200 


-125 

-200 

aA 

LOW Input Current 

ViL = +0.4V 


-225 

-360 


-225 

-360 

aA 

Shutdown Delay 

From Pin 8, Tj = 25°C 


160 



160 


ns 


Notes: 5. Il = 0mA. 

6. Guaranteed by design, not 100% tested in production. 

7. Fosc = 40kHz (Rj = 4.12kn ± 1%, Ct = 0.01//F ± 1%, Rd = OO) 

8. VcM = 0 to +5.2V 
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UC1526A 

UC2526A 


ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526A 


PARAMETER 

TEST CONDITIONS 

UC1526A/UC2526A 

UC3526A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit Comparator (Note 9) | 

Sense Voltage 

Rs < 500 

90 

100 

no 

80 

100 

120 

mV 

Input Bias Current 



-3 

-10 


-3 

-10 


Shutdown Delay 

From Pin 7, lOOmV Overdrive, 

Tj = 25°C 


260 



260 


nS 

Soft-Start Section | 

Error Clamp Voltage 

RESET = +0.4V 


0.1 

0.4 


0.1 

0.4 

V 

Cs Charging Current 

RESET = +2.4V 

50 

100 

150 

50 

100 

150 


Output Drivers (Each Output) (Note 10) | 

HIGH Output Voltage 

Isource ■“ 20mA 

12.5 

13.5 


12.5 

13.5 


V 

IsouKce ~ 100mA 

12 

13 


12 

13 


V 

LOW Output Voltage 

Isink ~ 20mA 


0.2 

0.3 


0.2 

0.3 

V 

Isink “ 100mA 


1.2 

2.0 


1.2 

2.0 

V 

Collector Leakage 

Vc = 40V 


50 

150 


50 

150 


Rise Time 

Cl = lOOOpF (Note 6) 


0.3 

0.6 


0.3 

0.6 

/iS 

Fall Time 

Cl = lOOOpF (Note 6) 


0.1 

0.2 


0.1 

0.2 

fJS 

Cross-Conduction 

Charge 

Per cycle, Tj = 25°C 


8 



8 


nC 

Power Consumption (Note 11) 

Standby Current 

SHUTDOWN = +0.4V 


14 

20 


14 

20 

mA 


Notes: 9. Vcm = 0 to +12V 

10. Vc = +15V 

11. +V|N = +35V, RT = 4.12kn 


PACKAGE DIMENSIONS 




0.072 

0.052 



J Package N Package 

18-Pin Cerdip 18-Pin Plastic Dip 

Alloy 42 Leadframe Copper Alloy Leadframe 
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SHUTDOWN - (V) DEADTIME - (^s) Rt = (KQ) 


TYPICAL CHARACTERISTICS 


UC1526A 

UC2526A 

UC3526A 
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APPLICATIONS INFORMATION 
Voltage Reference 

The reference regulator of the UC1526A is based on a precision 
band-gap reference, internally trimmed to ±1% accuracy. The 
circuitry is fully active at supply voltages above +7V, and provides 
up to 20mA of load current to external circuitry at +5.0V. In 
systems where additional current is required, an external PNP 
transistor can be used to boostthe available current. A rugged low 
frequency audio-type transistor should be used, and lead lengths 
between the PWM and transistor should be as short as possible to 
minimize the risk of oscillations. Even so, some types of 
transistors may require collector-base capacitance for stability. 
Up to 1 amp of load current can be obtained with excellent 
regulation if the device selected maintains high current gain. 



Figure 1. Extending Reference Output Current 


Under- Voltage Lockout 

The under-voltage lockout circuit protects the UC1526A and the 
power devices it controls from inadequate supply voltage. If +Vin 
is too low, the circuit disables the output drivers and holds the 
RESET pin LOW. This prevents spurious output pulses while the 
control circuitry is stabilizing, and holds the soft-start timing 
capacitor in a discharged state. 

The circuit consists of a +1.2V bandgap reference and compara- 
tor circuit which is active when the reference voltage has risen to 
3Vbe or +1.8V at 25°C. When the reference voltage rises to 
approximately +4.4V, the circuit enables the output drivers and 
releases the RESET pin, allowing a normal soft-start. The 
comparator has 350mV of hysteresis to minimize oscillation at 
the trip point. When +Vin to the PWM is removed and th e reference 
drops to +4.2V, the under-voltage circuit pulls RESET LOW again. 
The soft-start capacitor is immediately discharged, and the PWM 
is ready for another soft-start cycle. 

The UC1526A can operate from a +5V supply by connecting the 
Vref pin to the +Vin pin and maintaining the supply between +4.8 
and +5.2V. 


UC1526A 

UC2526A 

UC3526A 

Soft-Start Circuit 

The soft-start circuit protects the power transistors and rectifier 
diodes from high current surges during power supply turn-on. 
When supply voltage is first applied to the UC1526A, the under- 
voltage lockout circuit holds RESET LOW with Q 3 . Qi is turned on, 
which holds the soft-start capacitor voltage at zero. The second 
collector of Qi clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outp uts. Wh en the 
supply voltage reaches normal operating range, RESET will go 
HIGH.Q 1 turns off, allowing the internal 100/iA current source to 
charge Cs- Q 2 clamps the error amplifier output to IVbe above the 
voltage on Cs. As the soft-start voltage ramps up to +5V, the duty 
cycle of the PWM linearly increases to whatever value the voltage 
regulation loop requires for an error null. 


Vref 



Figure 3. Soft-Start Circuit Schematic 


Digital Control Ports 

The three digital control ports of the UC1526A are bi-directional. 
Each pin can drive TTL and 5V CMOS logic directly, up to a fap-out 
of 10 low-power Schottky gates. Each pin can also be directly 
driven by open-collector TTL, open-drain CMOS, and open- 
collector voltage comparators; fan-in is equivalent to 1 low-power 
Schottky gate. Each port is normally HIGH; the pi n is pulled LOW 
to activate the particular function. Driving SY NC LOW initi ates a 
discharge cycle in the oscillator. Pulling SHUT DOWN LOW 
immediately inhibits all PWM output pulses. Holding RESET LOW 
discharges the soft-start capacitor. The logic threshold is +1. IV at 
+25°C. Noise immunity can be gained at the expense of fan-out 
with an external 2K pull-up resistor to +5V. 


Vref 



TO RESET 

TO DRIVER A 
TO DRIVER B 


Vref 



Figure 4. Digital Control Port Schematic 


Figure 2. Under-Voltage Lockout Schematic 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


3-50 


PRINTED IN U.S.A. 





Oscillator 

The oscillator is programmed for frequency and dead time with 
three components: Rt, Ct and Rd. Two waveforms are generated: 
a sawtooth waveform at pin 10 for pulse width modulation, and a 
logic clock at pin 12. The following procedure is recommended for 
choosing timing values: 

1. With Rd = OO (pin 11 shorted to ground) select values for Rt 
and Ct from the graph on page 4 to givethe desired oscillator 
period. Remember that the frequency at each driver output is 
half the oscillator frequency, and the frequency at the +Vc 
terminal is the same as the oscillator frequency. 

2. If more dead time is required, select a larger value of Rd. At 
40kHz dead time increases by 400ns/Q. 

3. Increasing the dead time will cause the oscillator frequency 
to decrease slightly. Go back and decrease the value of Rt 
slightly to bring the frequency back to the nominal design 
value. 

The UC1526A can be synchronized to an external logic clock by 
programming the oscillator to free-run at a frequency 10% slower 
than the sync frequency. A period ic LOW logic pulse 
approximately O.Syus wide at the SYNC pin will then lock the 
oscillator to the external frequency. 

Multiple devices can be synchronized together by programming 
one master unit for the desired frequency, and then sharing its 
sawtooth and clock waveforms with the slave units. All Ct 
terminals are connected to the Ct pin of the ma ster, and all SYNC 
terminals are likewise connected to the SYNC pin of the master. 
Slave Rt terminals are left open or connected to Vref. Slave Rd 
terminals may be either left open or grounded. 



Figure 5. Oscillator Connections and Waveforms 
Error Amplifier 

The error amplifier is a transconductance design, with an output 
impedance of 2MO. Since all voltage gain takes place at the 
output pin, the open-loop gain/frequency characteristics can be 
controlled with shunt reactance to ground. When compensated 
for unity-gain stability with lOOpF, the amplifier has an open-loop 
pole at 800Hz. 

The input connections to the error amplifier are determined by 
the polarity of the switching supply output voltage. For positive 
supplies, the common-mode voltage is +5.0V and the feedback 
connections in Figure 6A are used. With negative supplies, the 
common-mode voltage is ground and the feedback divider is 
connected between the negative output and the +5.0V reference 
voltage, as shown in Figure 6B. 




Figure 6. Error Amplifier Connections 


UC1526A 

UC2526A 

Output Drivers UC3526A 

The totem-pole output drivers of the UC1526A are designed to 
source and sink 100mA continuously and 200mA peak. Loads 
can be driven either from the output pins 13 and 16, or from the 
+Vc, as required. 

Since the bottom transistor of the totem-pole is allowed to 
saturate, there is a momentary conduction path from the +Vc 
terminal to ground during switching; however, improved design 
has limited this cross-conduction period to less than 50ns. 
Capacitor decoupling at Vc is recommended and careful 
grounding of Pin 15 is needed to insure that high peak sink 
currents from a capacitive load do not cause ground transients. 



Figure 7. Push-Pull Configuration 



Figure 8. Single-Ended Configuration 



Figure 9. Driving N-Channel Power Mosfets 
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LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Monitor 


UC1526 

UC2526 

UC3526 


FEATURES 

• 8 to 35V operation 

• 5V reference trimmed to ±1% 

• IHz to 400kHz oscillator range 

• Dual 100mA source/sink outputs 

• Digital current limiting 

• Double pulse suppression 

• Programmable deadtime 

• Under-voltage lockout 

• Single pulse metering 

• Programmable soft-start 

• Wide current limit common mode range 

• TTL/CMOS compatible logic ports 

• Symmetry correction capability 

• Guaranteed 6 unit synchronization 


DESCRIPTION 

The UC1526 is a high performance monolithic pulse width modulator circuit designed 
for fixed-frequency switching regulators and other power control applications. Included 
in an 18-pin dual-in-line package are a temperature compensated voltage reference, 
sawtooth oscillator, error amplifier, pulse width modulator, pulse metering and steering 
logic, and two low Impedance, power drivers. Also included are protective features such 
as soft-start and under-voltage lockout, digital current limiting, double pulse inhibit, a 
data latch for single pulse metering, adjustable deadtime, and provision for symmetry 
correction inputs. For ease of interface, all digital control ports are TTL and B-series 
CMOS compatible. Active LOW logic design allows wired-OR connections for maximum 
flexibility. This versatile device can be used to implement single-ended or push-pull 
switching regulators of either polarity, both transformerless and transformer coupled. 
The UC1526 is characterized for operation over the full military temperature range of 
-55®C to +125®C. The UC2526 is characterized for operation from -25°C to +85®C, and 
the UC3526 is characterized for operation from 0®C to +70®C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage (+Vin) +40V 

Collector Supply Voltage (+Vc) +40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +Vin 

Source/Sink Load Current (each output) 200mA 

Reference Load Current 50mA 

Logic Sink Current 15mA 

Power Dissipation at Ta = +25°C (Note 2) lOOOmW 

Thermal Resistance, Junction to Ambient 100°C/W 

Power Dissipation at Tc = +25°C (Note 3) 3000mW 

Thermal Resistance, Junction to Case 42°C/W 

Operating Junction Temperature +150°C 

Storage Temperature Range -65°C to +150‘’C 

Lead Temperature (soldering, 10 seconds) +300°C 


Notes: 1. Values beyond which damage may occur. 

2. Derate at 10mW/°C for ambient temperatures above -h50°C. 

3. Derate at 24mW/°C for case temperatures above -r25°C. 


RECOMMENDED OPERATING CONDITIONS (Note 4) 


Input Voltage +8V to +35V 

Collector Supply Voltage +4.5V to +35V 

Sink/Source Load Current (each output) 0 to 100mA 

Reference Load Current 0 to 20mA 

Oscillator Frequency Range IHz to 400kHz 

Oscillator Timing Resistor 2kfi to 150kn 

Oscillator Timing Capacitor InF to 20/LrF 

Available Deadtime Range at 40kHz 3% to 50% 

Operating Ambient Temperature Range 

UC1526 -55°Cto +125°C 

UC2526 -25'’C to +85°C 

UC3526 0°C to +70°C 


Note: 4. Range over which the device is functional and parameter limits 
are guaranteed. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 
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UC1526 

UC2526 

UC3526 


ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) 


PARAMETER 

TEST CONDITIONS 

UC1526/UC2526 

UC3526 

UNITS 

MIN. 1 TYP. 1 MAX. 

MIN. 

TYP. 

MAX. 

Reference Section (Note 5) | 

Output Voltage 

Tj = +25°C 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

+ViN = 8 to 35V 


10 

20 


10 

30 

mV 

Load Regulation 

Il = 0 to 20mA 


10 

30 


10 

50 

mV 

Temperature Stability 

Over Operating Tj 


15 

50 


15 

50 

mV 

Total Output 

Voltage Range 

Over Recommended 

Operating Conditions 

4.90 

5.00 

5.10 

4.85 

5.00 

5.15 

V 

Short Circuit Current 

Vref = OV 

25 

50 

100 

25 

50 

100 

mA 

Under-Voltage Lockout | 

RESET Output Voltage 

Vref = 3.8V 


0.2 

0.4 


0.2 

0.4 

V 

RESET Output Voltage 

Vref = 4.8V 

2.4 

4.8 


2.4 

4.8 


V 

Oscillator Section (Note 6) | 

Initial Accuracy 

Tj = +25°C 


±3 

±8 


±3 

±8 

% 

Voltage Stability 

+ViN = 8 to 35V 


0.5 

1 


0.5 

1 

% 

Temperature Stability 

Over Operating Tj 


7 

10 


3 

5 

% 

Minimum Frequency 

Rt = 150kQ, Ct = 20/iF 



1 



1 

Hz 

Maximum Frequency 

Rt = 2kQ, Ct = l.OnF 

400 



400 



kHz 

Sawtooth Peak Voltage 

+ViN = 35V 


3.0 

3.5 


3.0 

3.5 

V 

Sawtooth Valley Voltage 

+ViN = 8V 

0.5 

1.0 


0.5 

1.0 


V 

Error Amplifier Section (Note 7) | 

Input Offset Voltage 

Rs < 2kQ 


2 

5 


2 

10 

mV 

Input Bias Current 



-350 

-1000 


-350 

-2000 

nA 

Input Offset Current 



35 

100 


35 

200 

nA 

DC Open Loop Gain 

Rl ^ 10 Meg Q 

64 

72 


60 

72 


dB 

HIGH Output Voltage 

Vpinl-Vpin2>150mV, Isource = lOO/iA 

3.6 

4.2 


3.6 

4.2 


V 

LOW Output Voltage 

Vpin2-Vpinl>150mV, Uink = 100//A 


0.2 

0.4 


0.2 

0.4 

V 

Common Mode Rejection 

Rs < 2kQ 

70 

94 


70 

94 


dB 

Supply Voltage Rejection 

+ViN = 12 to 18V 

66 

80 


66 

80 


dB 

PWM Comparator (Note 6) | 

Minimum Duty Cycle 

Vcompensation — +0.4V 



0 



0 

% 

Maximum Duty Cycle 

Vcompensation = +3.6V 

45 

49 


45 

49 


% 

Digital Ports (SYNC, SHUTDOWN, and RESET) | 

HIGH Output Voltage 

Isource “ 40yuA 

2.4 

4.0 


2.4 

4.0 


V 

LOW Output Voltage 

Isink “ 3.6mA 


0.2 

0.4 


0.2 

0.4 

V 

HIGH Input Current 

ViH = +2.4V 


-125 

-200 


-125 

-200 

aA 

LOW Input Current 

ViL = +0.4V 


-225 

-360 


-225 

-360 

aA 


Notes: 5. Il = 0mA. 

6. Fosc = 40kHz (Rt = 4.12kn ± 1%, Cj = .Ol/zF ± 1%, Rd = OQ 

7. VcM = 0 to +5.2V 
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UC1526 

UC2526 

UC3526 


ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) 


PARAMETER 

TEST CONDITIONS 

UC1526/UC2526 

UC3526 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit Comparator (Note 8) | 

Sense Voltage 

Rs < 500 

90 

100 

no 

80 

100 

120 

mV 

Input Bias Current 



-3 

-10 


-3 

-10 

/iA 

Soft-Start Section | 

Error Clamp Voltage 

RESET = +0.4V 


0.1 

0.4 


0.1 

0.4 

V 

Cs Charging Current 

RESET = +2.4V 

50 

100 

150 

50 

100 

150 

/iA 

Output Drivers (Each Output) (Note 9) | 

HIGH Output Voltage 

(source “ 20mA 

12.5 

13.5 


12.5 

13.5 


V 

(source ” 100 mA 

12 

13 


12 

13 


V 

LOW Output Voltage 

Isink = 20mA 


0.2 

0.3 


0.2 

0.3 

V 

(sink “ 100mA 


1.2 

2.0 


1.2 

2.0 

V 

Collector Leakage 

Vc = 40V 


50 

150 


50 

150 

/iA 

Rise Time 

Cl = lOOOpF 


0.3 

0.6 


0.3 

0.6 

/iS 

Fall Time 

Cl = lOOOpF 


0.1 

0.2 


0.1 

0.2 

/iS 

Power Consumption (Note 10) | 

Standby Current 

SHUTDOWN = +0.4V 


18 

30 


18 

30 

mA 


Notes: 8. Vcm = 0 to +12V 
9. Vc = +15V 

10. +V|N = +35V, Rt = 4.12kn 


PACKAGE DIMENSIONS 



0.015 

0.008 


0.290 n 

If-nr-il 


W U- 0° - 15“ 


0.015 

0.008 



0.072 

0.052 



J Package N Package 

IS-Pin Cerdip 18-Pin Plastic Dip 

Alloy 42 Leadframe Copper Alloy Leadframe 
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APPLICATIONS INFORMATION 
Voltage Reference 

The reference regulator of the UC1526 is based on a temperature 
compensated zener diode. The circuitry is fully active at supply 
voltages above +8V, and provides up to 20mA of load current to 
external circuitry at +5.0V. In systems where additional current is 
required, an external PNP transistor can be used to boost the 
available current. A rugged low frequency audio-type transistor 
should be used, and lead lengths between the PWM and transistor 
should be as short as possible to minimize the risk of oscillations. 
Even so, some types of transistors may require collector-base 
capacitance for stability. Up to 1 amp of load current can be 
obtained with excellent regulation if the device selected 
maintains high current gain. 



Figure 1. Extending Reference Output Current 


Under-Voitage Lockout 

The under-voltage lockout circuit protects the UC1526 and the 
power devices it controls from inadequate supply voltage. If +Vin 
is too low, the circuit disables the output drivers and holds the 
RESET pin LOW. This prevents spurious output pulses while the 
control circuitry is stabilizing, and holds the soft-start timing 
capacitor in a discharged state. 

The circuit consists of a +1.2V bandgap reference and 
comparator circuit which is active when the reference voltage has 
risen to 3Vbe or-*-1.8Vat25°C. Whenthe reference voltage rises to 
approximately +4.4V, the circuit enables the output drivers and 
releases the RESET pin, allowing a normal soft-start. The 
comparator has 200mV of hysteresis to minimize oscillation at 
the trip point. When+ViNtothe PWM is remove d and th e reference 
drops to +4.2V, the under-voltage circuit pulls RESET LOW again. 
The soft-start capacitor is immediately discharged, and the PWM 
is ready for another soft-start cycle. 

The UC1526 can operate from a +5V supply by connecting the 
Vref pin to the +Vin pin and maintaining the supply between ■f4.8 
and +5.2V. 


UC1526 

UC2526 

UC3526 

Soft-Start Circuit 

The soft-start circuit protects the power transistors and rectifier 
diodes from high current surges during power supply turn-on. 
When supply voltage is first applie d to the UC1526, the under- 
voltage lockout circuit holds RESET LOW with Qa. Qi is turned on, 
which holds the soft-start capacitor voltage at zero. The second 
collector of Qi clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outp uts. Wh en the 
supply voltage reaches normal operating range, RESET will go 
HIGH. Qi turns off, allowing the internal 100/iA current source to 
charge Cs. Q 2 clamps the error amplifier outputto IVbe above the 
voltage on Cs- As the soft-start voltage ramps up to +5V, the duty 
cycle of the PWM linearly increases to whatever value the voltage 
regulation loop requires for an error null. 


Vref 



Figure 3. Soft-Start Circuit Schematic 


Digital Control Ports 

The three digital control ports of the UC1526 are bi-directional. 
Each pin can drive TTL and 5V CMOS logic directly, up to a fan-out 
of 10 low-power Schottky gates. Each pin can also be directly 
driven by open-collector TTL, open-drain CMOS, and open- 
collector voltage comparators; fan-in is equivalent to 1 low-power 
Schottky gate. Each port is normally HIGH; the p in is pulled LOW 
to activate the particular function. Driving SY NC LOW initi ates a 
discharge cycle in the oscillator. Pulling SHUT DOWN LOW 
immediately inhibits all PWM output pulses. Holding RESET LOW 
discharges the soft-start capacitor. The logic threshold is +1. IV at 
+25°C. Noise immunity can be gained at the expense of fan-out 
with an external 2K pull-up resistor to +5V. 


Vref 



TO RESET 

TO DRIVER A 
TO DRIVER B 



Figure 4. Digital Control Port Schematic 


Figure 2. Under-Voltage Lockout Schematic 
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UC1526 

Ue2526 

UC3526 


Oscillator 

The oscillator is programmed for frequency and dead time with 
three components: Rt, Ct and Rd- Two waveforms are generated: 
a sawtooth waveform at pin 10 for pulse width modulation, and a 
logic clock at pin 12. The following procedure is recommended for 
choosing timing values: 

1. With Rd = OQ (pin 11 shorted to ground) select values for Rj 
and Ct from Figure 7 to give the desired oscillator period. 
Remember that the frequency at each driver output is half 
the oscillator frequency, and the frequency at the +Vc 
terminal is the same as the oscillator frequency. 

2. If more dead time is required, select a large value of Rd. At 
40kHz dead time increases by 400nS/Q. 

3. Increasing the dead time will cause the oscillator frequency 
to decrease slightly. Go back and decrease the value of Rt 
slightly to bring the frequency back to the nominal design 
value. 

The UC1526 can be synchronized to an external logic clock by 
programming the oscillator to free-run at a frequency 10% slower 
than the sync frequency. A perio dic LOW logic pulse 
approximately 0.5 a<s wide at the SYNC pin will then lock the 
oscillator to the external frequency. 

Multiple devices can be synchronized together by programming 
one master unit for the desired frequency, and then sharing its 
sawtooth and clock waveforms with the slave units. All Ct 
terminals are connected to the Ct pin of the ma ster, and all SYNC 
terminals are likewise connected to the SYNC pin of the master. 
Slave Rt terminals are left open or connected to Vref. Slave Rd 
terminals may be either left open or grounded. 



Figure 5. Oscillator Connections and Waveforms 
Error Amplifier 

The error amplifier is a transconductance design, with an output 
impedance of 2Mfi. Since all voltage gain takes place at the 
output pin, the open-loop gain/frequency characteristics can be 
controlled with shunt reactance to ground. When compensated 
for unity-gain stability with lOOpF, the amplifier has an open-loop 
pole at 800Hz. 

The input connections to the error amplifier are determined by 
the polarity of the switching supply output voltage. For positive 
supplies, the common-mode voltage is +5.0V and the feedback 
connections in Figure 6A are used. With negative supplies, the 
common-mode voltage is ground and the feedback divider is 
connected between the negative output and the +5.0V reference 
voltage, as shown in Figure 6B. 




Output Drivers 

The totem-pole output drivers of the UC1526 are designed to 
source and sink 100mA continuously and 200mA peak. Loads 
can be driven either from the output pins 13 and 16, or from the 
+Vc, as required. 

Since the bottom transistor of the totem-pole is allowed to 
saturate, there is a momentary conduction path from the +Vc 
terminal to ground during switching. To limit the resulting current 
spikes a small resistor in series with pin 14 is always 
recommended. The resistor value is determined by the driver 
supply voltage, and should be chosen for 200mA peak currents. 



Figure 7. Push-Pull Configuration 




Figure 6. Error Amplifier Connections 


Figure 9. Driving N-Channel Power Mosfets 
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SHUTDOWN - (V) DEADTIME - (jjs) 


TYPICAL CHARACTERISTICS 


UC1526 

UC2526 

UC3526 



1 2 5 10 20 50 100 200 500 1ms 2ms 5ms 10ms 20ms 50ms 100ms 200ms 500ms IS 2 S 5 S 

OSCILLATION PERIOD 



0 2 4 6 8 10 12 14 16 18 20 22 

Rd - (Q) 


Under-Voltage Lockout Characteristic 






/ 




J 

/ 
















z 

1 





0 1 2 3 4 5 

REFERENCE VOLTAGE - (V) 



10 100 IK lOK lOOK IM lOM 

FREQUENCY - (HERTZ) 


Current Limit Transfer Function 



0 20 40 60 80 100 120 140 160 180 200 
DIFFERENTIAL INPUT VOLTAGE - (mV) 


Shutdown Delay 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE - (°C) 


Output Driver Saturation Voltage 



1 2 5 10 20 50 100 200 

OUTPUT CURRENT, SOURCE OR SINK - (mA) 
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LINEAR INTEGRATED CIRCUITS 

Power Supply Supervisory Circuit 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


FEATURES 

• Includes over-voltage, under-voltage, 
and current sensing circuits 

• Internal 1% accurate reference 

• Programmable time delays 

• SCR "crowbar” drive of 300mA 

• Remote activation capability 

• Optional over-voltage latch 

• Uncommitted comparator inputs for 
low voltage sensing 

(UC1544 series only) 


DESCRIPTION 

These monolithic integrated circuits contain all the functions necessary to monitor and 
control the output of a sophisticated power supply system. Over-voltage (O.V.) sensing 
with provision to trigger an external SCR “crowbar” shutdown; an under-voltage (U.V.) 
circuit which can be used to monitor either the output or to sample the input line 
voltage; and a third op amp/comparator usable for current sensing (C.L) are all 
included in this 1C, together with an independent, accurate reference generator. 

Both over- and under-voltage sensing circuits can be externally programmed for 
minimum time duration of fault before triggering. All functions contain open collector 
outputs which can be used independently or wire-or'ed together, and although the SCR 
trigger is directly connected only to the over-voltage sensing circuit, it may be optionally 
activated by any of the other outputs, or from an external signal. The O.V. circuit also 
includes an optional latch and external reset capability. 

The UCl 544/2544/3544 devices have the added versatility of completely uncommitted 
inputs to the voltage sensing comparators so that levels less than 2.5V may be 
monitored by dividing down the internal reference voltage. 

The current sense circuit may be used with external compensation as a linear amplifier 
or as a high-gain comparator. Although nominally set for zero input offset, a fixed 
threshold may be added with an external resistor. Instead of current limiting, this circuit 
may also be used as an additional voltage monitor. 

The reference generator circuit is internally trimmed to eliminate the need for external 
potentiometers and the entire circuit may be powered directly from either the output 
being monitored or from a separate bias voltage. 


ABSOLUTE MAXIMUM RATINGS 

Input Supply Voltage, Vin 40V 

Sense Inputs, Voltage Range 0 to Vin 

SCR Trigger Current -600mA* 

Indicator Output Voltage 40V 

Indicator Output Sink Current 50mA 

Power Dissipation (Package Limitation) lOOOmW 

Derate Above 25®C 8.0mW/°C 

Operating Temperature Range 

UC1543, UC1544 -55°C to +125°C 

UC2543, UC2544 -25“C to +85°C 

UC3543, UC3544 0°C to +70°C 

Storage Temperature Range -65®C to +150®C 


*At higher input voltages, a dissipation limiting resistor, Rg, is required. 
Note: Currents are positive-into, negative-out of the specified terminal. 


BLOCK DIAGRAM 



CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) 

UC1543 

J or N PACKAGE 

UC2543 



UC3543 

SCR TRIGGER [T 


H] V,N 

REMOTE n5- 
ACTIVATE 


ISIVbep 

RESET \J 


14] GROUND 

O.V. INDICATE [T 


13] C.L. OUTPUT 

O.V. DELAY [5 


H] OFFSET/COMP 

O.V. INPUT [T 


n] C.L. N.l. INPUT 

U.V. INPUT [T 


Io]C.L INV INPUT 

U.V. DELAY [T 


^ U.V. INDICATE 




DIL-18 (TOP VIEW) 
J or N PACKAGE 


SCR TRIGGER (T 

REMOTE 

ACTIVATE 

RESET |T 

O.V. INDICATE [T 

O.V. DELAY |T 

O.V. N.l. INPUT [T 

O.V. INV INPUT |T 

U.V. N.l. INPUT [T 

U.V. INV INPUT [T 


UC1544 
UC2544 
UC3544 

18] V,N 

It] Vbef 

16] GROUND 
15] C.L. OUTPUT 
H] OFFSET/ COMP 
H] C.L. N.l. INPUT 
12] C.L. INV INPUT 
n] U.V. INDICATE 
1^ U.V. DELAY 


Note: For each terminal, first number refers to 1543 series, second to 1544 series. 
★ On 1543 series, this function is internally connected to Vref. 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1543 & 

UC1544; -25°C to +85°C for the UC2543 & UC2544: and 0°C to +70“C for the UC3543 & UC3544; 
and for Vm = 5 to 35V. Electrical tests are performed with Vin = lOV and 2kQ pull-up resistors on 
all indicator outputs. All electrical ratings and specifications for the UC1544, UC2544 & UC3544 
devices are tested with the inverting over-voltage input and the non-inverting under-voltage input 
externally connected to the 2.5V reference.) 


PARAMETER 

TEST CONDITIONS 

UC1543/UC2543 

UC1544/UC2544 

UC3543 

UC3544 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input Voltage Range 

Tj = 25®C to Tmax 

4.5 


40 

4.5 


40 

V 

Input Voltage Range 

Tmin to Tmax 

4.7 


40 

4.7 


40 

V 

Supply Current 

ViN = 40V, Outputs Open 


7 

10 


7 

10 

mA 

Reference Section { 

Output Voltage 

Tj = 25®C 

2.48 

2.50 

2.52 

2.45 

2.50 

2.55 

V 

Output Voltage 

Over Temperature Range 

2.45 


2.55 

2.40 


2.60 

V 

Line Regulation 

V,N = 5 to 30V 


1 

5 


1 

5 

mV 

Load Regulation 

I ref “ 0 to 10mA 


1 

10 


1 

10 

mV 

Short Circuit Current 

Vref = 0 

-12 

-20 

-40 

-12 

-20 

-40 

mA 

Temperature Stability 



50 



50 


ppm/°0 

SCR Trigger Section | 

Peak Output Current 

V,N = 5V, Rg = 0, Vo = 0 

-100 

-300 

-600 

-100 

-300 

-600 

mA 

Peak Output Voltage 

V,N = 15V, lo = -100mA 

12 

13 


12 

13 


V 

Output Off Voltage 

V,N = 40V 


0 

0.1 


0 

0.1 

V 

Remote Activate Current 

R/A Pin = Gnd 


-0.4 

-0.8 


-0.4 

-0.8 

mA 

Remote Activate Voltage 

R/A Pin'Open 


2 

6 


2 

6 

V 

Reset Current 

Reset = Gnd, R/A = Gnd 


-0.4 

-0.8 


-0.4 

-0.8 

mA 

Reset Voltage 

Reset Open, R/A = Gnd 


2 

6 


2 

6 

V 

Output Current Rise Time 

Rl = 50fi, Tj = 25°C, Co = 0 


400 



400 


mA//iS 

Prop. Delay from R/A 


300 



300 


ns 

Prop. Delay from 0/V input 


500 



500 


ns 

Comparator Sections { 

Input Threshold (Input 
voltage rising on O.V. 
and falling on U.V.) 

Tj = 25°C 

2.45 

2.50 

2.55 

2.40 

2.50 

2.60 

V 

Over Temperature Range 

2.40 


2.60 

2.35 


2.65 

V 

Input Hysteresis 



25 



25 


mV 

Input Bias Current 

Sense Input = OV 


-0.3 

-1.0 


-0.3 

-1.0 


Delay Saturation 



0.2 

0.5 


0.2 

0.5 

V 

Delay High Level 



6 

7 


6 

7 

V 

Delay Charging Current 

o 

II 

a 

> 

-200 

-250 

-300 

-200 

-250 

-300 


Indicate Saturation 

lu = 10mA 


0.2 

0.5 


0.2 

0.5 

V 

Indicate Leakage 

V.ND = 40V 


.01 

1.0 


.01 

1.0 


Propagation Delay 

Input Overdrive = 200mV 

Tj = 25°C 

O 

D 

II 

o 


400 



400 


ns 

U. 

II 


10 



10 


ms 

Current Limit Section | 

Input Voltage Range 


0 


(V,n-3V) 

0 


(V,n-3V) 

V 

Input Bias Current 

Offset Pin Open, Vcm = 0 


-0.3 

-1.0 


-0.3 

-1.0 


Input Offset Voltage 

Offset Pin Open, Vcm = 0 


0 

10 


0 

10 

mV 

Input Offset Voltage 

lOkO from Offset Pin to Gnd 

80 

100 

120 

80 

100 

120 

mV 

CMRR 

0 < Vcm < 12V, V,N = 15V 

60 

70 


60 

70 


dB 

AVOL 

Offset Pin Open, Vcm = OV 

72 

80 


72 

80 


dB 

Output Saturation 

II = 10mA 


0.2 

0.5 


0.2 

0.5 

V 

Output Leakage 

V.nd = 40V 


.01 

1.0 


.01 

1.0 

aA 

Small Signal Bandwidth 

Av = OdB, Tj = 25°C 


5 



5 


MHz 

Propagation Delay 

Voverdrive = lOOmV, Tj= 25°C 


200 



200 


ns 
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OPEN LOOP VOLTAGE GAIN - (dB) DELAY CAPACITANCE - (MICROFARADS) Rg SERIES GATE RESISTANCE - (OHMS) 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


SCR Trigger Power Limiting 



0 5 10 15 20 25 30 35 40 


Comparator Input Hysteresis 



2.46 2.48 2.50 2.50 2.52 2.54 


ViN SUPPLY VOLTAGE - (VOLTS) 


SENSE INPUT VOLTAGE - (VOLTS) 


Activation Delay vs 
Capacitor Value 


1.0 

0.1 

.01 

.001 

.0001 

.001 .01 0.1 1.0 ^ 10 

DELAY TIME - (MILLISECONDS) 



Current Limit Input Threshold 



Current Limit Amplifier Gain 

80 

70 

60 

50 

40 

100 Ik 10k 100k IM 

FREQUENCY - (HERTZ) 



o. 

o 

o 


a. 

o 


Current Limit Amplifier 
Frequency Response 

80 

60 

40 

20 


0 

Ik 10k 100k IM 5M 

FREQUENCY - (HERTZ) 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


APPLICATIONS (Pin Numbers given for UC1543 series devices) 


BIAS SUPPLY 


Typical Application 



The values for the external components are deter- 
mined as follows: 

1000 

Current limit input threshold, V,h = — ^ — 

Cs is determined by the current loop dynamics 


v,h / Ra s 

Peak current to load, Ip s — + — ( 1 

Ksc nsc \ Kz + Ka y 

Vth 

Short circuit current, Isc = — — 


Low output voltage lirnit, 2.5 (R 4 -t- R 5 Re) 
High output voltage^^mit 2.5 (R4 + Rs + Re) 
Voltage sensing delay, td = 10,000 Cd 


SCR trigger power limiting resistor, Rg > - 


Sensing Multiple Supply Voltages 

BIAS 



Input Line Monitor 



PIN 

DELAY 



2.5V 


Overcurrent Shutdown 

MAIN 

SUPPLY 



PIN 9 . 

OUTPUT 




OFF 

ON 
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LINEAR INTEGRATED CIRCUITS UC1611 

Quad Schottky Diode Array 


FEATURES 


DESCRIPTION 


• Matched, Four-Diode Monolithic Array 

• High Peak Current 

• Low-Cost MINI DIP Package 

• Low Fonvard Voltage 

• Parallelable for Lower Vp or Higher Ip 

• Fast Recovery Time 

• Military Temperature Range Available 


This four-diode array is designed for general purpose use as individual diodes or as a 
high-speed, high-current bridge. It is particularly useful on the outputs of high-speed 
power MOSFET drivers where Schottky diodes are needed to clamp any negative 
excursions caused by ringing on the driven line. 

These diodes are also ideally suited for use as voltage clamps when driving inductive 
loads such as relays and solenoids, and to provide a path for current free-wheelfng in 
motor drive applications. 

The use of Schottky diode technology features high efficiency through lowered forward 
voltage drop and decreased reverse recovery time. 

This single monolithic chip is fabricated in both hermetic CERDIP and copper-leaded 
plastic MINIDIP packages. The UC1611 in ceramic is designed for -55®C to +125'’C 
environments but with reduced peak current capability: while the UC361 1 in plastic 
has higher current rating over a 0°C to + 70°C ambient temperature range. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage (per Diode) 50V 

Diode-to-Diode Voltage 80V 

Peak Forward Current 

UC1611 1A 

UC3611 3A 

Power Dissipation at Ta = +70“C 1W 

Derate 1 2.5 mW/X above + 70“C 

Storage Temperature Range -65°C to +150'’C 

Lead Temperature (Soldering, 10 Seconds) +300“C 


CONNECTION DIAGRAM 
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UC3611 


ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. Tj = +25°C except as noted.) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Forward Voltage Drop 

Ip = 100 mA 

Ip = 1A 

0.4 

0.5 

0.9 

0.7 

1.2 

V 

Leakage Current 

O 

b 

o 

+ 

II 

> > 
o o 

II II 
tr oc 
> > 


0.01 

0.1 

0.1 

1.0 

mA 

Reverse Recovery 

0.5A Forward to 0.5A Reverse 


20 


ns 

Forward Recovery 

1 A Forward to 1 . 1 V Recovery 


40 


ns 

Junction Capacitance 

Vr = 5V 


100 


PF 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately 10 mA may be collected by adjacent diodes. 




0 10 20 30 40 50 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

REVERSE VOLTAGE -(V) FORWARD VOLTAGE -(V) 

0004-2 

TYPICAL APPLICATIONS 



0004-3 
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LINEAR INTEGRATED CIRCUITS 

Thermal Monitor 


UC1730 

UC2730 

UC3730 


FEATURES 


DESCRIPTION 


• On-Chip Temperature Transducer 

• Temperature Comparator Gives 
Threshold Temperature Alarm 

• Power Reference Permits Airflow 
Diagnostics 

• Precision 2.5V Power Reference 
Permits Airflow Diagnostics 

• Transducer Output is Easily Scaled for 
Increased Sensitivity 

• Low 2.5 mA Quiescent Current 


The UC1730 family of integrated circuit devices are designed to be used in a number 
of thermal monitoring applications. Each IC combines a temperature transducer, 
precision reference, and temperature comparator allowing the device to respond with 
a logic output if temperatures exceed a user programmed level. The reference on 
these devices is capable of supplying in excess of 250 mA of output current — by 
setting a level of power dissipation the rise in die temperature will vary with airflow 
past the package, allowing the IC to respond to airflow conditions. 

These devices come In an 8-Pin DIP, plastic or ceramic, or a 5-Pin TO-220 version. In 
the 8-pin version, a PTAT (proportional to absolute temperature) output reports die 
temperature directly. This output is configured such that its output level can be easily 
scaled up with two external gain resistors. A second PTAT source is internally 
referenced to the temperature comparator. The other input to this comparator can 
then be externally programmed to set a temperature threshold. When this temperature 
threshold is exceeded an alarm delay output is activated. Following the activation of 
the delay output, a separate open collector output is turned on. The delay pin can be 
programmed with an external RC to provide a time separation between the activation 
of the delay pin and the alarm pin, permitting shutdown diagnostics in applications 
where the open collector outputs of multiple parts are wire OR’ed together. 


BLOCK DIAGRAM 


The 5-pin version in the TO-220 package is well suited for monitoring heatsink 
temperatures. Enhanced airflow sensitivities can be obtained with this package by 
mounting the device to a small heatsink in the airstream. This version of the device 
does not include the PTAT output or the open collector alarm output. 



Pin numbers shown for 8-Pin DIP, ( ) number for 5-Pin TO-220. 


0008-9 
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UC1730 

UC2730 

UC3730 


CONNECTION DIAGRAMS 


DIL-8 (TOP VIEW) 

N or J PACKAGE 


ALARM DELAY (3 


13 ALARM THRESHOLD SET 

ALARM OUTPUT [2 


7] 2.5V REFERENCE 

*V|nII 


1]PTAT- 

gndH 


5] PTAT + 


0008-1 


ABSOLUTE MAXIMUM RATINGS 

Input Supply Voltage, ( + V|n) 40V 

Alarm Output Voltage (8-Pin Version Only) 40V 

Alarm Delay Voltage 10V 

Alarm Threshold Set Voltage 10V 

2.5V Reference Output Current -400 mA 

Alarm Output Current (8-Pin Version Only) 20 mA 

Power Dissipation at Ta = 25‘’C 1000 mW 

Derate at 10 mW/°C Above 25°C 

Power Dissipation at Tc = 25°C 2000 mW 

Derate at 1 6 mW/°C Above 25°C 


5-PIN TO-220 (TOP VIEW) 
T PACKAGE 



+ V,N 

ALARM DELAY 
GND 

ALARM THRESHOLD SET 
2.5V REFERENCE 


0008-2 


Thermal Resistance Junction to Ambient 

N, 8-Pin Plastic DIP 110“C/W 

J, 8-Pin Ceramic DIP 110“C/W 

T, 5-Pin Plastic DIP TO-220 65°C/W 

Thermal Resistance Junction to Case 

N, 8-Pin Plastic DIP 60°C/W 

J, 8-Pin Ceramic DIP 40“C/W 

T, 5-Pin Plastic TO-220 5°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Note: 1. Voltages are referenced to ground. Currents are positive into, 
negative out of, the specified terminals. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Tj = 0°C to + 1 00“C for the UC3730, - 25°C to 

+ 100“CfortheUC2730and -55°Cto + 125'’C for the UC1730, +Vin = +5V, andPTAT- = 
OV.) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT SUPPLY 1 

Supply Current 

+ V|N = 35V 


2.8 

4.0 

mA 

-f V,N = 5V 


2.3 

3.5 

mA 

REFERENCE | 

Output Voltage 

Tj = 25°C 

2.475 

2.5 

2.525 

V 

Over Temperature 

2.46, 


2.54 

V 

Load Regulation 

Jqut — 0 to 250 mA 


8.0 

25 

mV 

Line Regulation 

-t-ViN = 5 to 25V 


1.0 

5.0 

mV 

TEMPERATURE COMPARATOR | 

Temperature 

Comparator Threshold 

at 300“K (26.85°C), 
Nominally 5 mV/“K, 

V|nput RiQh to Low 

1.475 

1.50 

1.525 

V 

Temperature Error 


-10 


10 

“C 

Threshold Line 

Regulation 

+ V|N = 5 to 25V 


0.005 

0.02 

%/V 

Temperature Linearity 

Note 2 


2.0 

5.0 

“C 

Threshold Hysteresis 


3.0 

8.0 

15 

mV 

Input Bias Current 

ViNPUT at 1 .5V 

-0.5 

-0.1 


JLtA 

Max Output Current 

Vqut = 1V 

1.2 

3.0 


mA 

Output Sat Voltage 

Iqut = 1 00 jaA 


0.05 

0.25 

V 

Output Leakage 

Current 

Vqut = 1V 


0.01 

1.0 

jaA 
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UC1730 

UC2730 

UC3730 


ELECTRICAL CHARACTERISTICS (Continued) (Unless otherwise stated, specifications hold for Tj = 0°C to + 1 00°C for the 

UC3730, -25“Cto +100°Cforthe UC2730 and -55°C to + 125°C for the UC1730, +V|n = 
+ 5V,andPTAT- = OV.) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

1 PTAT BUFFER (8-Pin N, or J Version Only) | 

Output Voltage 

at 300°K (26.85°C), 

Nominally 5 mV/°K 

1.460 

1.50 

1.54 

V 

In lOXConfig. +V|n = 25V 

14.6 

15 

15.4 

V 

Temperature Error 


-12 


12 

°c 

Temperature Linearity (Note 2) 



2.0 

5.0 

“C 

Line Regulation 

+ V|N = 5 to 25V 


0.02 

0.04 

%/v 

Load Regulation 

louT = 0 to 2 mA 


1.0 

3.0 

mV 

Dropout Voltage 

PTAT+ TO +V|N 


1.9 

2.5 

V 

Input Bias Current 
at PTAT- Input 


-3.0 

-1.0 


fxA 

ALARM BUFFER COMPARATOR (8-Pin N, or J, Version Only) | 

Threshold Voltage (Vth) 

Alarm Delay Input 

Low to High 

1.1 

1.2 

1.3 

V 

Threshold Hysteresis Voltage 

Alarm Delay Voltage > Vth 


100 

250 

mV 

Input Bias Current 

Alarm Delay Voltage < Vth 


0.1 

0.5 

fiA 

Max Output Current 

> 

II 

H 

o 

> 

7.0 

15 


mA 

Output Sat Voltage 

•out “ 3 


0.25 

0.45 

V 

Output Leakage 

VouT = 35V 


0.1 

2.0 

fiA 


Note: 2. This parameter is guaranteed by design and is not tested in production. 

APPLICATION AND OPERATION INFORMATION 


Scaling the PTAT Output (8-Pin Version Only) 


Vout=5x +^^mV/‘>K 

(Recommended Range for Ri is 2K to 4K) 


0008-3 


I 



Vref Maximum Output Junction Temperature Rise vs 

Current vs Input Supply Airflow UC3730N (8-Pin Plastic Dip) 



0 5 10 15 20 25 30 35 


V|N (V) 


0008-4 



100 300 500 700 900 

AIRFLOW (FT/MIN) 0008-5 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


3-66 


PRINTED IN U.S.A. 





UC1730 

UC2730 

UC3730 

APPLICATION AND OPERATION INFORMATION (Continued) 


Setting a Temperature Threshold 


UC1730 • 

I 



Dual Speed Fan Control 


uci^sol 




0008-8 


= Hi 


2.5V 

TL(“C) = r^X 


Rx 


0.005 Ri + Rx 


- 273.15 


- 273.15 


Where: 


Rx = 


R2R3 
R2 +R3 
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LINEAR INTEGRATED 

High Speed PWM Controller 


DESCRIPTION 

The UC1823 family of PWM control ICs is optimized for high frequency switched mode 
power supply applications. Particular care was given to minimizing propagation delays 
through the comparators and logic circuitry while maximizing bandwidth and slew rate 
of the error amplifier; This controller is designed for use in either current-mode or 
voltage mode systems with the capability for input voltage feed-forward. 

Protection circuitry includes a current limit comparator with a IV threshold, a TTL 
compatible shutdown port, and a soft start pin which will double as a maximum duty 
cycle clamp. The logic is fully latched to provide jitter free operation and prohibit 
multiple pulses at the output. An under-voltage lockout section with 800mV of hysteresis 
assures low start up current. During under-voltage lockout, the output is high 
impedance. 

These devices feature a totem pole output designed to source and sink high peak 
currents from capacitive loads, such as the gate of a power MOSFET. The on state is 
defined as a high level. 

• Low Start Up Current (1.1mA) 

• Trimmed Bandgap Reference 
(5.1V +/- 1%) 


FEATURES 

• Compatible with Voltage or Current- 
Mode Topologies 

• Practical Operation @ Switching 
Frequencies to l.OMHz 

« 50ns Propagation Delay to Output 

• High Current Totem Pole Output 
(1.5A peak) 

• Wide Bandwidth Error Amplifier 

• Fully Latched Logic with Double Pulse 
Suppression 

• Pulse-by-Pulse Current Limiting 

• Soft Start/Max. Duty Cycle Control 

• Under-Voltage Lockout with Hysteresis 


CIRCUITS 


UC1823 

UC2823 

UC3823 


BLOCK DIAGRAM 



3/87 


3-68 


UNITRODE 




UC1823 

UC2823 

UC3823 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Supply Voltage (Pins 15, 13) 

Output Current, Source or Sink (Pins 11, 14) 

DC 

Pulse (0.5/iS) 

Analog Inputs (Pins 1, 2, 7, 8, 9) 

Clock Output Current (Pin 4) 

Error Amplifier Output Current (Pin 3) 

Soft Start Sink Current (Pin 8) 

Oscillator Charging Current (Pin 5) 

Power Dissipation at Ta = 60“C 

Derate llmW/°C for Ta > 60°C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

NOTE: All voltages are with respect to ground. Pin 10. 

Currents are positive into the specified terminal. 


30V 

0.5A 

2.0A 

. . . . -0.3V to +6V 

-5mA 

5mA 

20mA 

-5mA 

IW 

-65'’C to +150°C 
300°C 


DIL-16 (TOP VIEW) 


J or N PACKAGE 


INV. |T 


H] Vref5.1V 

N.l. [T 


^ Vcc 

E/A OUT \J 


14] OUT 

CLOCK [T 


H] Vc 

Rt [T 


H] PWR GND 

Ct [6i 


n] IlimREF 

RAMP [T 


1^ GROUND 

SOFT START jTj 


m Ilim/S.D. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rj = 3.65K, Ct = InF, Vcc = 15V, 
0°C < Ta < +70°C for the UC3823, -25"C < Ta < +85°C for the UC2823, and 
-55°C < Ta < +125°C for the UC1823.) 


PARAMETERS 

TEST CONDITIONS 

UC1823 

UC2823 

UC3823 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25®C, lo = 1mA 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

10 < Vcc < 30V 


2 

20 


2 

20 

mV 

Load Regulation 

1 < lo < 10mA 


5 

20 


5 

20 

mV 

Temperature Stability* 

Tmin < Ta < Tmax 


0.2 

0.4 


0.2 

0.4 

mV/°C 

Total Output Variation* 

Line, Load, Temp. 

5.00 


5.20 

4.95 


5.25 

V 

Output Noise Voltage 

lOHz <f < lOKHz 


50 



50 


aV 

Long Term Stability* 

Tj = 125°C, 1000 hrs. 


5 

25 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

-15 

-50 

-100 

mA 

Oscillator Section | 

Initial Accuracy* 

T] = 25*^0 

360 

400 

440 

360 

400 

440 

KHz 

Voltage Stability* 

10 < Vcc < 30V 


0.2 

2 


0.2 

2 

% 

Temperature Stability* 

Tmin < Ta < Tmax 


5 



5 


% 

Total Variation* 

Line, Temp. 

340 


460 

340 


460 

KHz 

Clock Out High 


3.9 

4.5 


3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 


2.3 

2.9 

V 

Ramp Peak* 


2.6 

2.8 

3.0 

2.6 

2.8 

3.0 

V 

Ramp Valley* 


0.7 

1.0 

1.25 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak* 


1.6 

1.8 

2.0 

1.6 

1.8 

2.0 

V 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1823 

UC2823 

UC3823 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rj = 3.65K, Ct = InF, Vcc = 15V, 
0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for the UC2823, and 
-55°C < Ta < +125°C for the UC1823.) 


PARAMETERS 

TEST CONDITIONS 

UC1823 

UC2823 

UC3823 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 1 MAX. 

Error Amplifier Section | 

Input Offset Voltage 




10 



15 

mV 

Input Bias Current 



0.6 

3 


0.6 

3 

aA 

Input Offset Current 



0.1 

1 


0.1 

1 

M 

Open Loop Gain 

1< Vo < 4V 

60 

95 


60 

95 


dB 

CMRR 

1.5 <VcM< 5.5V 

75 

95 


75 

95 


dB 

PSRR 

10 < Vcc < 30V 

85 

no 


85 

no 


dB 

Output Sink Current 

> 

II 

n 

z 

Q. 

> 

1 

2.5 


1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4V 

-0.5 

-1.3 


-0.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 = ~0.5mA 

4.0 

4.7 

5.0 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

IpiN 3 = 1mA 

0 

0.5 

1.0 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth* 


3 

5.5 


3 

5.5 


MHz 

Slew Rate* 


6 

12 


6 

12 


V/yUS 

PWM Comparator Section | 

Pin 7 Bias Current 

VpiN 7 = OV 


-1 

-5 


-1 

-5 

aA 

Duty Cycle Range 


0 


80 

0 


85 

% 

Pin 3 Zero D.C. Threshold 

VpiN 7 = OV 

1.1 

1.25 


1.1 

1.25 


V 

Delay to Output* 



50 

80 


50 

80 

ns 

Soft-Start Section | 

Charge Current 

VpiN 8 = 0.5V 

3 

9 

20 

3 

9 

20 

aA 

Discharge Current 

VpiN 8 = IV 

1 



1 



mA 

Current Limit/Shutdown Section | 

Pin 9 Bias Current 

0 < VpiN 9 < 4V 



±10 



±10 

aA 

Current Limit Offset 

VpiN 11 = IIV 



15 



15 

mV 

Current Limit Common 

Mode Range (Vrin ii) 


1.0 


1.25 

1.0 


1.25 

V 

Shutdown Threshold 


1.25 

1.40 

1.55 

1.25 

1.40 

1.55 

V 

Delay to Output* 



50 

80 


50 

80 

ns 

1 Output Section | 

Output Low Level 

louT = 20mA 


0.25 

0.40 


0.25 

0.40 

V 

louT = 200mA 


1.2 

2.2 


1.2 

2.2 

Output High Level 

louT = ~20mA 

13.0 

13.5 


13.0 

13.5 


V 

louT = ~200mA 

12.0 

13.0 


12.0 

13.0 


Collector Leakage 

Vc = 30V 


100 

500 


100 

500 

aA 

Rise/Fall Time* 

CL = InF 


30 

60 


30 

60 

ns 

1 Under-Voltage Lockout Section | 

Start Threshold 


8.8 

9.2 

9.6 

8.8 

9.2 

9.6 

V 

UVLO Hysteresis 


0.4 

0.8 

1.2 

0.4 

0.8 

1.2 

V 

1 Supply Current | 

Start Up Current 

< 

o 

o 

II 

00 

< 


1.1 

2.5 


1.1 

2.5 

mA 

Icc 

VpiN 1, VpiN 7, VpiN 9 = OV 

VpiN 2 = IV 


22 

33 


22 

33 

mA 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1823 

UC2823 

UC3823 

UC1823 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout and com- serve this purpose. 3) Bypass Vcc, Vc, and Vref- UseO.l/iF mono- 

ponent placement. To assure proper performance of the UC1823, lithic ceramic capacitors with low equivalent series inductance, 

follow these rules. 1) Use a ground plane. 2) Damp or clamp Allow less than 1 cm of total lead length for each capacitor 

parasitic inductive kick energy from the gate of driven MOSFET. between the bypassed pin and the ground plane. 4) Treat the 

Don’t allow the output pins to ring below ground. A series gate timing capacitor, Ct, like a bypass capacitor, 

resistor or a shunt 1 Amp Schottky diode at the output pin will 


ERROR AMPLIFIER CIRCUIT 



PWM APPLICATIONS 
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UC1823 

UC2823 

UC3823 


OSCILLATOR CIRCUIT 




100 IK lOK lOOK IM 

FREQ (Hz) 



0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 



lOK lOOK IM 

FREQ (Hz) 


SYNCHRONIZED OPERATION 


Two Units in Close Proximity: 



Generalized Synchronization: 
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UC1823 

UC2823 

UC3823 


Constant Volt-Second Clamp Circuit 

The circuit shown here will achieve a constant volt-second pro- 
duct clamp over varying input voltages. The ramp generator com- 
ponents, Rt and Cr are chosen so that the ramp at Pin 9 crosses 
the IV threshold at the same time the desired maximum volt- 
second product is reached. The delay through the inverter must 
be such that the ramp capacitor can be completely discharged 
during the minimum deadtime. 


ViN 



OUTPUT SECTION 


Simplified Schematic 




0 40 80 120 160 200 


TIME (ns) 

Rise/Fall Time (Cl = lOnF) 


J_ 








~\ 

T 


T 




/ 





3 




□ 


0 100 200 300 400 500 

TIME (ns) 





FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION 
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LINEAR INTEGRATED CIRCUITS 

High Speed PWM Controller 


UC1825 

UC2825 

UC3825 


FEATURES 

• Compatible with Voltage or Current- 
Mode Topologies 

• Practical Operation @ Switching 
Frequencies to l.OMHz 

® 50ns Propagation Delay to Output 

• High Current Dual Totem Pole Outputs 
(1.5A peak) 

• Wide Bandwidth Error Amplifier 

• Fully Latched Logic with Double Pulse 
Suppression 

• Pulse- by- Pulse Current Limiting 

• Soft Start/ Max. Duty Cycle Control 

• Under-Voltage Lockout with Hysteresis 

• Low Start Up Current (1.1mA) 

• Trimmed Bandgap Reference 
(5.1V +/- 1%) 


DESCRIPTION 

The UC1825 family of PWM control ICs is optimized for high frequency switched mode 
power supply applications. Particular care was given to minimizing propagation delays 
through the comparators and logic circuitry while maximizing bandwidth and slew rate 
of the error amplifier. This controller is designed for use in either current-mode or 
voltage mode systems with the capability for input voltage feed-forward. 

Protection circuitry includes a current limit comparator with a IV threshold, a TTL 
compatible shutdown port, and a soft start pin which will double as a maximum duty 
cycle clamp. The logic is fully latched to provide jitter free operation and prohibit 
multiple pulses at an output. An under-voltage lockout section with 800mV of hysteresis 
assures low start up current. During under-voltage lockout, the outputs are high 
impedance. 

These devices feature totem pole outputs designed to source and sink high peak 
currents from capacitive loads, such as the gate of a power MOSFET. The on state is 
defined as a high level. 


BLOCK DIAGRAM 
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UC1825 

UC2825 

UC3825 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse (0.5)us) 2.0A 

Analog Inputs 

(Pins 1,2,7) -0.3V to 7V 

(Pin 9, 8) -0.3V to 6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

Power Dissipation at Ta = 60®C IW 

Derate llmW/‘’C for Ta > 60®C 

Storage Temperature Range ' -65®C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

NOTE: All voltages are with respect to ground. Pin 10. 

Currents are positive into the specified terminal. 


DIL-16 (TOP VIEW) 


J or N PACKAGE 


INV. [T 


ID Vref5.1V 

N.i. fY 


15] Vcc 

E/A OUT [y 


m OUT B 

CLOCK [T 


ID Vc 

Rt [E 


H] PWR GND 

Ct |T 


n] OUT A 

RAMP [T 


IE GROUND 

SOFT START [T 


m ILIM/S.D. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rj = 3.65K, Ct = InF, Vcc = 15V, 

0 < Ta < 70°C for the UC3825, -25"C < Ta < 85"C for the UC2825, and -55°C < Ta < 125°C for 
the UC1825.) 


PARAMETERS 

TEST CONDITIONS 

UC1825 

UC2825 

UC3825 


MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

UNITS 

Reference Section I 

Output Voltage 

Tj = 25°C, !o = 1mA 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

10 < Vcc < 30V 


2 

20 


2 

20 

mV 

Load Regulation 

1< lo < 10mA 


5 

20 


5 

20 

mV 

Temperature Stability* 

Tmin < Ta < Tmax 


0.2 

0.4 


0.2 

0.4 

mV/“C 

Total Output Variation* 

Line, Load, Temp. 

5.00 


5.20 

4.95 


5.25 

V 

Output Noise Voltage 

10Hz<f<10KHz 


50 



50 


aV 

Long Term Stability* 

Tj = 125°C, 1000 hrs. 


5 

25 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

-15 

-50 

-100 

mA 

Oscillator Section | 

Initial Accuracy* 

Tj = 25°C 

360 

400 

440 

360 

400 

440 

KHz 

Voltage Stability* 

10 < Vcc < 30V 


0.2 

2 


0.2 

2 

% 

Temperature Stability* 

Tmin < Ta < Tmax 


5 



5 


% 

Total Variation* 

Line, Temp. 

340 


460 

340 


460 

KHz 

Clock Out High 


3.9 

4.5 


3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 


2.3 

2.9 

V 

Ramp Peak* 


2.6 

2.8 

3.0 

2.6 

2.8 

3.0 

V 

Ramp Valley* 


0.7 

1.0 

1.25 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak* 


1.6 

1.8 

2.0 

1.6 

1.8 

2.0 

V 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1825 

UC2825 

UC3825 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rt = 3.65K, Cj = InF, Vcc = 15V, 

0 < Ta < 70°C for the UC3825, -25°C < Ta < 85°C for the UC2825, and -55°C < Ta < 125°C for 
the UC1825.) 


PARAMETERS 

TEST CONDITIONS 


UC1825 

UC2825 



UC3825 


UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Error Amplifier Section | 

Input Offset Voltage 




10 



15 

mV 

Input Bias Current 



0.6 

3 


0.6 

3 


Input Offset Current 



0.1 

1 


0.1 

1 

aA 

Open Loop Gain 

l<Vo<4V 

60 

‘95 


60 

95 


dB 

CMRR 

1.5 <VcM< 5.5V 

75 

95 


75 

95 


dB 

PSRR 

10 < Vcc < 30V 

85 

no 


85 

no 


dB 

Output Sink Current 

VpiN 3 = IV 

1 

2.5 


1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4V 

“0.5 

“1.3 


“0.5 

“1.3 


mA 

Output High Voltage 

IpiN 3 = -0.5mA 

4.0 

4.7 

5.0 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

IpiN 3 = 1mA 

0 

0.5 

1.0 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth* 


3 

5.5 


3 

5.5 


MHz 

Slew Rate* 


6 

12 


6 

12 


y/fjs 

PWM Comparator Section | 

Pin 7 Bias Current 

VpiN 7 - OV 


“1 

“5 


-1 

-5 

aA 

Duty Cycle Range 


0 


80 

0 


85 

% 

Pin 3 Zero D.C. Threshold 

< 

-0 

z 

II 

o 

< 

1.1 

1.25 


1.1 

1.25 


V 

Delay to Output* 



50 

80 


50 

80 

ns 

Soft-Start Section | 

Charge Current 

VpiN 8 = 0.5V 

3 

9 

20 

3 

9 

20 

aA 

Discharge Current 

> 

II 

CO 

z 

0. 

> 

1 



1 



mA 

Current Limit/Shutdown Section | 

Pin 9 Bias Current 

0 < VpiN 9 < 4V 



±15 



±10 

aA 

Current Limit Threshold 


0.9 

1.0 

1.1 

0.9 

1.0 

1.1 

V 

Shutdown Threshold 


1.25 

1.40 

1.55 

1.25 

1.40 

1.55 

V 

Delay to Output* 



50 

80 


50 

80 

ns 

Output Section | 

Output Low Level 

louT = 20mA 


0.25 

0.40 


0.25 

0.40 

V 

louT = 200mA 


1.2 

2.2 


1.2 

2.2 

Output High Level 

lour = “20mA 

13.0 

13.5 


13.0 

13.5 


V 

louT = “200mA 

12.0 

13.0 


12.0 

13.0 


Collector Leakage 

Vc = 30V 


100 

500 


100 

500 

aA 

Rise/Fall Time* 

CL = InF 


30 

60 


30 

60 

ns 

Under-Voltage Lockout Section | 

Start Threshold 


8.8 

9.2 

9.6 

8.8 

9.2 

9.6 

V 

UVLO Hysteresis 


0.4 

0.8 

1.2 

0.4 

0.8 

1.2 

V 

Supply Current 


Start Up Current 

< 

o 

o 

II 

00 

< 


1.1 

2.5 


1.1 

2.5 

mA 

Icc 

< < 
■0 u 

z z 

M 

" < 

<z 

< 

■0 

z 

(0 

II 

o 

< 


22 

33 


22 

33 

mA 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1825 

UC2825 

UC3825 

UC1825 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout and com- serve this purpose. 3) Bypass Vcc, Vc, and Vref- UseO.l/iF mono- 

ponent placement. To assure proper performanceof the UC1825, lithic ceramic capacitors with low equivalent series inductance, 

follow these rules. 1) Use a ground plane. 2) Damp or clamp Allow less than 1 cm of total lead length for each capacitor 

parasitic inductive kick energy from the gate of driven MOSFETs. between the bypassed pin and the ground plane. 4) Treat the 

Don’t allow the output pins to ring below ground. A series gate timing capacitor, Ct, like a bypass capacitor, 

resistor or a shunt 1 Amp Schottky diode at the output pin will 


ERROR AMPLIFIER CIRCUIT 



PWM APPLICATIONS 
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OSCILLATOR CIRCUIT 


UC1825 

UC2825 

UC3825 


Deadtime vs Cj (3 < Rr < LOOK) 


r~ UC1825 


r ± 3 vq)ic=', 


I 400//A 


lOK - 
Rt(OHMS) . 


Timing Resistance vs Frequency 




lOK lOOK IM 

FREQ (Hz) 




0.047 I 1 1 1 1 1 1 1 

0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 

Deadtime vs Frequency 



l.OnF 















470pF 





lOOK 

FREQ (Hz) 


SYNCHRONIZED OPERATION 


Two Units in Close Proximity: 

r~ UC1825 ~j UC1825 "1 

! CLOCK ril ul CLOCK \ 


Rj [sJ-AAA^ L{ 5 ] R-r I 

I ' I I 

|__MA^E^ J 5 i 1_ .SLWE I 


Generalized Synchronization: 


j UC1825 ~j 


V =blOMF 2N2222 


I Ct16 

I MA_SJER I 


43 0.1 /LtF 

wwll 

43 0.1 juF / 

/WHM 4 

43 0.1 mF [ 


1.15 R-r ! 

j-AAAH^ f 


1 >470 OTHER 24 > I 

O < SLAVES f O 

LOCAL i \ local 

RAMP ■ " “ RAMP 


^Ct I 

|__Sl^E_ J 
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UC1825 

UC2825 

UC3825 


FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION 



Constant Volt-Second Clamp Circuit 

The circuit shown here will achieve a constant volt-second pro- 
duct clamp over varying input voltages. The ramp generator com- 
ponents, Rt and Cr are chosen so that the ramp at Pin 9 crosses 
the IV threshold at the same time the desired maximum volt- 
second product is reached. The delay through the functional nor 
block must be such that the ramp capacitor can be completely 
discharged during the minimum deadtime. 



OUTPUT SECTION 


Simplified Schematic 



Rise/Fall Time (Cl = InF) 


) 








\ 



f 




i 

r 




□ 



1 



0 40 80 120 160 200 

TIME (ns) 



TIME (ns) 


Saturation Curves 














sov 







_4 






z 












0 I I I I I I I 

0 0,5 1.0 1.5 

Iout(A) 
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UC1825 

UC2825 

UC3825 

OPEN LOOP LABORATORY TEST FIXTURE 



This test fixture is useful for exercising many of the UC1825's As with any wideband circuit, careful grounding and bypass 
functions and measuring their specifications. procedures should be followed. The use of a ground plane is 

highly recommended. 


DESIGN EXAMPLE: SOW, 48V to 5V DC TO DC CONVERTER - 1.5MHz CLOCK FREQUENCY 
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LINEAR INTEGRATED CIRCUITS 

High Efficiency Linear Regulator 


UC1834 

UC2834 

UC3834 


FEATURES 

• Minimum Vm - Vout less than 0.5V at.5A 
load with external pass device 

• Equally usable for either positive or 
negative regulator design 

• Adjustable low threshold current sense 
amplifier 

• Under and over-voltage fault alert with 
programmable delay 

• Over-voltage fault latch with 100mA 
crowbar drive output 


DESCRIPTION 

The UC1834 family of integrated circuits is optimized for the design of low input-output 
differential linear regulators. A high gain amplifier and 200mA sink or source drive 
outputs facilitate high output current designs which use an external pass device. With 
both positive and negative precision references, either polarity of regulator can be 
implemented. A current sense amplifier with a low, adjustable, threshold can be used to 
sense and limit currents in either the positive or negative supply lines. 

In addition, this series of parts has a fault monitoring circuit which senses both under 
and over-voltage fault conditions. After a user defined delay for transient rejection, this 
circuitry provides a fault alert output for either fault condition. In the over-voltage case, 
a 100mA crowbar output is activated. An over-voltage latch will maintain the crowbar 
output and can be used to shutdown the driver outputs. System control to the device 
can be accommodated at a single input which will act as both a supply reset and 
remote shutdown terminal. These die are protected against excessive power dissipation 
by an internal thermal shutdown function. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Supply Voltage, Vin^ 40V 

Driver Current 400mA 

Driver Source to Sink Voltage 40V 

Crowbar Current -200mA 

+ 1.5V Reference Output Current -10mA 

Fault Alert Voltage 40V 

Fault Alert Current 15mA 

Error Amplifier Inputs -0.5V to 35V 

Current Sense Inputs -0.5V to 40V 

O.V. Latch Output Voltage -0.5V to 40V 

O.V. Latch Output Current 15mA 

Power Dissipation at Ta = 25®C lOOOmW 

Derate at 10mW/°C above Ta = 50°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C above Tc = 25®C 

Thermal Resistance, Junction to Ambient lOO^C/W 

Thermal Resistance, Junction to Case 60®C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -GS^C to +150®C 

Lead Temperature (soldering, 10 seconds) 300®C 

Note: 1. Voltages are reference to Vm”, Pin 5. 


Currents are positive into, negative out of the specified terminals. 

BLOCK DIAGRAM 



> UNDER-VOLTAGE 


Jl2 DRIVER SINK 


-^13 DRIVER SOURCE 


DELAY RESET LATCH 

viN+ m , 


+1.5V REFERENCE [3j 
-2.0V REFERENCE |T| 

v-E 

SENSE- [e} 
SENSE+ [71 
THRESHOLD ADJUST [Tl 


L 

VOLTAGE 

REF. 

'—X 




LATCH 1^ 

= 4 “ 

, 





THERMAL 

SHUTDOWN 


- [16| CROWBAR GATE 
- [Is] O.V. LATCH & RESET 
- [14] COMPENSATION/SHUTDOWN 
- [Tl] FAULT DELAY 

-flo] FAULT ALERT 
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UC1834 

UC2834 

UC3834 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1834; 

-25°C to +85°C for the UC2834; and O^’C to +70°C for the UC3834: V,n^ = 15V, V,n = OV.) 


PARAMETER 

TEST CONDITIONS 

UC1834/UC2834 

UC3834 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Standby Supply Current 



5.5 

7 


5.5 

10 

mA 

+ 1.5 Volt Reference 1 

Output Voltage 

Tj = 25°C 

1.485 

1.5 

1.515 

1.47 

1.5 

1.53 

V 

Tj(MIN) ^ Tj < Tj(MAX) 

1.47 


1.53 

1.455 


1.545 

Line Regulation 

Vin"" = 5 to 35V 


1 

10 


1 

15 

mV 

Load Regulation 

louT = 0 to 2mA 


1 

10 


1 

15 

mV 

-2.0 Volt Reference (Note 2) | 

Output Voltage 
(Referenced to Vin^) 

Tj = 25X 

2.04 

-2 

1.96 

2.06 

-2 

1.94 

V 

Tj(MiN) Tj < Tj(MAX) 

2.06 


1.94 

2.08 


1.92 

Line Regulation 

V.n"" = 5 to 35V 


1.5 

15 


1.5 

20 

mV 

Output Impedance 



2.3 



2.3 


kO 

Error Amplifier Section | 

Input Offset Voltage 

VcM = 1.5V 


1 

6 


1 

10 

mV 

Input Bias Current 

VcM = 1.5V 


-1 

-4 


-1 

-8 

/iA 

Input Offset Current 

< 

o 

II 

cn 

< 


0.1 

1 


0.1 

2 


Small Signal Open Loop Gain 

Output @ Pin 14, Pin 12 = Vin^ 

Pin 13, 200 to V,n~ 

50 

65 


50 

65 


dB 

CMRR 

VcM = 0.5 to 33V, Vin"" = 35V 

60 

80 


60 

80 


dB 

PSRR 

Vin"" = 5 to 35V, VcM = 1.5V 

70 

100 


_70 

100 


dB 

Driver Section | 

Maximum Output Current 


200 

350 


200 

350 


mA 

Saturation Voltage 

louT — 100mA 


0.5 

1.2 


0.5 

1.5 

V 

Output Leakage Current 

Pin 12 = 35V, Pin 13 = Vin", Pin 14 = V,n" 


0.1 

50 


0.1 

50 

/^A 

Shutdown Input Voltage 
at Pin 14 

louT < lOOM. Pin 13 = Vin“, Pin 12 = Vin"" 

0.4 

1 


0.4 

1 


V 

Shutdown Input Current 
at Pin 14 

Pin 14 = Vin", Pin 12 = Vm^ 
louT ^ 100/iA, Pin 13 = Vin 


-100 

-150 


-100 

-150 

aA 

Thermal Shutdown (Note 3) 



165 



165 



°C 

Fault Amplifier Section | 

Under- and Over- Voltage 

Fault Threshold 

VcM = 1.5V, @ E/A Inputs 

120 

150 

180 

no 

150 

190 

mV 

Common Mode Sensitivity 

Vin+ = 35V, VcM = 1.5to 33V 


-0.4 

-0.8 


-0.4 

-1.0 

%/V 

Supply Sensitivity 

Vcm=1.5V, V,N‘' = 5to35V 


-0.5 

-1.0 


-0.5 

-1.2 

%/V 

Fault Delay 


30 

45 

60 

30 

45 

60 

ms//iF 

Fault Alert Output Current 


2 

5 


2 

5 


mA 

Fault Alert Saturation Voltage 

lour =lmA 


0.2 

0.5 


0.2 

0.5 

V 

O.V. Latch Output Current 


2 

4 


2 

4 


mA 

O.V. Latch Saturation Voltage 

louT ~ 1mA 


1.0 

1.3 


1.0 

1.3 

V 

O.V. Latch Output 

Reset Voltage 


0.3 

0.4 

0.6 

0.3 

0.4 

0.6 

V 

Crowbar Gate Current 


-100 

-175 


-100 

-175 


mA 

Crowbar Gate 

Leakage Current 

Vin"" = 35V, Pin 16 = V,n" 


-0.5 

-50 


-0.5 

-50 

/iA 


Note: 2. When using both the 1.5V and -2.0V references the current out of Pin 3 should be balanced by an equivalent current into Pin 2. The -2.0V 
output will change -2.3mV per //A of inbalance. 

3. Thermal shutdown turns off the driver. If Pin 15 (O.V. Latch Output) is tied to Pin 14 (Compensation/Shutdown), the O.V. Latch will be reset. 
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UC1834 

UC2834 

UC3834 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1834; 

-25°C to +85^0 for the UC2834; and 0°C to +70^0 for the UC3834: Vin"" = 15V, V,n = OV.) 


PARAMETER 

TEST CONDITIONS 

UC1834/UC2834 

UC3834 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Sense Amplifier Section | 

Threshold Voltage 

Pin 4 Open, Vcm = Vin^ or Vin~ 

130 

150 

170 

120 

150 

180 

mV 

Pin4 = 0.5V, VcM = V.N'^or V,n" 

40 

50 

60 

30 

50 

70 

Threshold Supply Sensitivity 

Pin 4 Open, Vcm = Vin~, Vin^ = 5 to 35V 


-0.1 

-0.3 


-0.1 

-0.5 

%/V 

Adj. Input Current 

Pin 4 = 0.5V 


-2 

-10 


-2 

-10 

aA 

Sense Input Bias Current 

< 

o 

II 

< 

z 

-1- 


100 

200 


100 

200 

aA 

Vcm = V.n' 


-100 

-200 


-100 

-200 


Current Sense Threshold Adjustment 




-10 -7.5 -5.0 -2.5 CURRENT SENSE 

THRESHOLD 

DIFFERENTIAL VOLTAGE AT CURRENT SENSE INPUTS - mV 
(REFERENCED TO SENSE - INPUT) 


Error Amplifier Gain and Phase 
Frequency Response 



Current Sense Amplifier Gain and Phase 
Frequency Response 



10 100 IK lOK lOOK IM 


10 100 IK lOK lOOK IM 


FREQUENCY - HERTZ 


FREQUENCY - HERTZ 
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UC1834 

UC2834 

UC3834 

APPLICATION! INFORMATION 

Foldback Current Limiting Setting The Threshold Adjust Voltage (Vadj) 




Both the current sense and error amplifiers 
on the UC1834 are transconductance type 
amplifiers. As a result, their voltage gain is a 
direct function of. the load impedence at 
their shared output pin, Pin 14. Their small 
signal voltage gain as a function of load and 
frequency is nominally given by; 


Av E/A == 


ZL(f) 

7000 


and Av c.s./a - 


ZL(f) 

700 


for: f < 500kHz and IZlCOI < IMO, 

where: 

Av = small signal voltage gain to Pin 14, 
ZlCO = load impedence at Pin 14. 


The UC1834 fault delay circuitry prevents 
the fault outputs from responding to 
transient fault conditions. The delay reset 
latch insures that the full, user defined, 
delay passes, before an over-voltage fault 
response occurs. This prevents 
unnecessary crowbar, or latched-off 
conditions, from occurring following sharp 
under-voltage to over-voltage transients. 

The crowbar output on the UC1834 is 
activated following a sustained over-volatge 
condition. The crowbar output remains high 
as long as the fault condition persists, or, as 
long as the over-voltage latch is set. The 
latch is set with an over-voltage fault if the 
voltage at Pin 15 is above the latch reset 
threshq[d, typically 0.4V. When the latch is 
set, its Q output will pull Pin 15 lowthrough a 
series diode.- As long as a nominal pull-up 
load exists, the series diode prevents Q from 
pulling Pin 15 below the reset threshold. 
However, Pin 15 is pulled low enough to 
disable the driver outputs if Pins 15 and 14 
are tied together. With Pin 15 and 14 
common, the regulator will latch off in 
response to an over-voltage fault. If the fault 
condition is cleared and Pins 14 and 15 are 
momentarily pulled below the latch reset 
threshold, the driver outputs are re-enabled. 
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LINEAR INTEGRATED CIRCUITS 

High Efficiency Regulator Controller 


UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


FEATURES 

• Complete Control for a High Current, 
Low Dropout, Linear Regulator 

• Fixed 5V or Adjustable Output Voltage 

• Accurate 2.5A Current Limiting with 
Foldback 

• Internal Current Sense Resistor 

• Remote Sense for Improved Load 
Regulation 

• External Shutdown 

• Under-Voltage Lockout and Reverse 
Voltage Protection 

• Thermal Shutdown Protection 

• Packaged in an 8-Pin Mini-Dip 


DESCRIPTION 

The UC1835/6 families of linear controllers, packaged in 8-pin mini-dips, are optimized 
for the design of low cost, low dropout, linear regulators. Using an external pass element, 
dropout voltages of less than 0.5V are readily obtained. These devices contain a high 
gain error amplifier, a 250mA output driver, and a precision reference. In addition, 
current sense with foldback provides for a 2.5A peak output current dropping to less 
than 0.5A at short circuit. 

These devices are available in fixed, 5V, (UC1835), or adjustable, (UC1836), versions. 

In the fixed 5 volt version, the only external parts required are an external pass element, 
an output capacitor, and a compensation capacitor. On the adjustable version the 
output voltage can be set anywhere from 2.5V to 35V with two external resistors. 

Additional features of these devices include under-voltage lockout for predictable start- 
up, thermal shutdown and short circuit current limiting to protect the driver device. On 
the fixed voltage version, a reverse voltage comparator minimizes reverse load current 
in the event of a negative input to output differential. 


CONNECTION DIAGRAM 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Input Supply Voltage (+Vin) -l.OV to +40V 

Driver Output Current (Sink or Source) 600mA 

Driver Source to Sink Voltage +40V 

Maximum Current Through Sense Resistor 4A 

VouT Sense Input Voltage -.3V to +40V 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C above 25°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C above 25°C 

Thermal Resistance Junction to Ambient 100°C/W 

Thermal Resistance Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 

Note: 1. Voltages are referenced to ground, (Pin 16). 

Currents are positive into, negative out of, the specified 
terminals. 

BLOCK DIAGRAM 


DIL-8 (TOP VIEW) 
N or J PACKAGE 



SENSE RESISTOR OUT 


DRIVER SINK 
VouT SENSE 
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UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3835/6, -25°C to 
+85°C for the UC2835/6 and -55°C to +125°C for the UC1835/6, +Vin = 6V, Driver source = OV, 
Driver sink = 5V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Input Supply I 

Supply Current 

+ViN = 6V 


2.75 

4.0 

mA 

+ViN = 40V 


3.75 

6.0 

mA 

UVLO Threshold 

+ViN Low to High, VouT Sense = OV 

3.9 

4.4 

4.9 

V 

Threshold Hysteresis 



0.1 

0.35 

V 

Reverse Current 

+ViN = -l.OV, Driver Sink Open 



6.0 

20 

mA 

Regulating Voltage and Error Amplifier (UC1835 Family Only) | 

Regulating Level at Vqut Sense (Vreg) 

Driver Current = 10mA, Tj = 25°C 

4.94 

5.0 

5.06 

V 

Over Temperature 

4.9 


5.1 

V 

Line Regulation 

+ViN = 5.2V to 35V 


15 

40 

mV 

Load Regulation 

Driver Current = 0 to 250mA 


6.0 

25 

mV 

Bias Current at Vqut Sense 

Vqut Sense = 5.0V 

75 

125 

210 


Error Amp Transconductance 

±100/yA at Compensation/Shutdown Pin 

0.8 

1.3 

2.0 

mS 

Maximum Compensation Output Current 

Sink or Source, Driver Source Open 

90 

200 

260 

aA 

Regulating Voltage and Error Amplifier (UC1836 Family Only) | 

Regulating Level at Vqut Sense (Vreg) 

Driver Current = 10mA, Tj = 25®C 

2.47 

2.5 

2.53 

V 

Over Temperature 

2.45 


2.55 

V 

Line Regulation 

+ViN = 5.2V to 35V 


6.0 

20 

mV 

Load Regulation 

Driver Current = 0 to 250mA 


3.0 

15 

mV 

Bias Current at Vqut Sense 

Vqut Sense = 2.5V 

-1.0 

-0.2 


fjA 

Error Amp Transconductance 

±100/wA at Compensation/Shutdown Pin 

0.8 

1.3 

2.0 

mS 

Maximum Compensation Output Current 

Sink or Source, Driver Source Open 

90 

200 

260 

/iA 

Driver | 

Maximum Current 


250 

500 


mA 

Saturation Voltage 

Driver Current = 250mA, Driver Sink 


2.0 

2.8 

V 

Pull-Up Current at Driver Sink 

Compensation/Shutdown = 0.45V 

140 

250 

300 

aA 

Driver Sink Leakage 

In UVLO 



10 

aA 

In Reverse Voltage (UC1835 Family Only) 



10 

aA 

Thermal Shutdown 



165 



I Foldback Current Limit | 

Current Limit Levels at Sense Resistor Out 

Vqut Sense = (0.99) Vreg 

2.2 

2.5 

2.8 

A 

Vqut Sense = (0.5) Vreg 

1.3 

1.5 

1.7 

A 

VouT Sense = OV 

0.S5 

0.4 

0.55 

A 

Current Limit Amp Transconductance 

±100yuA at Compensation/Shutdown, 

VouT Sense = (0.9) Vreg 

12 

24 

42 

mS 

Limiting Voltage at Current Limit (-) 

(Note 2) 

VouT Sense = (0.9) Vreg 

Volts Below +ViN. Tj = 25*^0 

80 

100 

140 

mV 

Sense Resistor Value 
(Note 3) 

Vqut Sense = (0.9) Vreg 
louT = lA, Tj = 25°C 


40 


mQ 


Note: 2. This voltage has a positive temperature coefficient of approximately 3500ppm/°C. 

3. This resistance has a positiv/e temperature coefficient of approximately 3500ppm/‘’C. 

The total resistance from Pin 1 to Pin 8 will include an additional 60 to lOOmQ of package resistance. 
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UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 

APPLICATION AND OPERATION INFORMATION 


UC1835 — Typical Configuration for a 2A, 
Low Dropout 5V Regulator 


UC1836 — Typical Configuration for a 2A, 
Low Dropout Adjustable Regulator 



(>5.5V) 


PASS DEVICE (NOTE 4) Vout (0 TO 2A) 



(>(VouT + 0.5V)) 


Note: 4. Suggested pass devices are TIP32B, (Dropout Voltage < 0.75V) or, D45H, (Dropout Voltage < 0.5V), or equivalents. 


UC1835/6 Foldback Current Limiting 
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LINEAR INTEGRATED CIRCUITS 

Magnetic Amplifier Controller 


UC1838 

UC2838 

UC3838 


FEATURES 

• Independent 1% Reference 

• Two Uncommitted, Identical Operational 
Amplifiers 

• 100mA Reset Current Source with 
-lOOV Capability 

• 5V to AOM Analog Operation 

• 5W OIL Package 


DESCRIPTION 

The UC1838 family of magnetic amplifier controllers contains the circuitry to generate 
and amplify a low-level analog error signal along with a high voltage-compliant current 
source. This source will provide the reset current necessary to enable a magnetic 
amplifier to regulate and control a power supply output in the range of 2A to 20A. 

By controlling the reset current to a magnetic amplifier, this device will define the 
amount of volt-seconds the magnetic amplifier will block before switching to the 
conducting state. Magnetic amplifiers are ideal for post-regulators for multiple-output 
power supplies where each output can be independently Gpntrolledswith efficiencies up 
to 99%. With a square or pulse-width-modulated input voltage, a magnetic amplifier will 
block a portion of this input waveform, allowing just enough to pass to provide a 
regulated output. With the UC1838, only the magnetic amplifier coil, three diodes, and 
an output L-C filter are necessary to implement a complete closed-loop regulator. 

The UC1838 contains a precision 2.6V reference, two uncommitted high-gain op amps 
and a high-gain PNP-equivalent current source which can deliver up to 100mA of 
magnetic amplifier reset current. 

These devices are available in a plastic '"bat^wing” DIP for operation over a -20®C to 
+85°C temperature range and, with reduced power, in a hermetically sealed cerdip for 
to +125‘’C operation. 


...,40V .... 
, , . . 40V . . . . 
r...-80V.... 
....lOOV.... 
.-.3Vto Vcc. 
. . .-10mA. . . 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vcc 40V 

Magnetic Amp. Source Voltage, Vm 40V 

Reset Output Voltage, Vr * -80V 

Total Current Source Voltage, Vm - Vr,, lOOV 

Amplifier Input Range -.3V to Vcc 

Reset Input Current, Idr — -10mA 

Plastic Cerdip 

Power Dissipation at Ta = 25°C 2W IW 

Derate Above 50^C. 20mW/°C .... 10mW/®C . . 

Power Dissipation at Ti|leads/case^ = 25°C 5W 2W 

Derate for Ground LeadtTemperature Above 70°C 70mW/®C — 

Derate for Case Temperature Above 25®C — 16mW/®C . . 

Operating Temperature Range -55®C to +125°C 

Storage Temperature Range -65°C to +150®C 

Lead Temperature (Soldering, 10 sec) 300°C 

NOTE: All voltages are v\/ith respect to ground pins. 

All currents are positive into the specified terminal. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 



3/87 


3-88 


UISIITRODE 




UC1838 

UC2838 

UC3838 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1838, 
-20°C to +85°C for the UC2838. and 0°C to +70°C for the UC3838: Vcc = 20V, Vm = 5V.) 


PARAMETER 

TEST CONDITIONS 

UC1838/UC2838 

UC3838 

UNITS 

MIN. 1 TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Supply Current 

Vcc = Vm = 40V 

— 

6 

8 

- 

6 

8 

mA 

Reference Output 

Ta = 25°C 

2.47 

2.5 

2.53 

2.45 

2.5 

2.55 

V 

Line Regulation 

Vcc = 5 to 30V 

— 

1 

5 

- 

1 

10 

mV 

Load Regulation 

lo = 0 to -2mA 

— 

15 

25 

- 

15 

25 

mV 

Short Circuit Current 

Vref = OV 

— 

-30 

-60 

- 

-30 

-60 

mA 

Temperature Stability* 

Over Operating Temp. Range 

- 

15 

25 

- 

10 

25 

mV 

Amplifier Section (Each Amplifier) | 

Offset Voltage 

VcM = 2.5V 

— 


5 

- 

- 

10 

mV 

Input Bias Current 

> 

o 

II 

z 

> 

- 


-1 

- 

- 

-1 

aA 

Input Offset Current 


— 

— 

100 

- 

- 

100 

nA 

Minimum Output Swing 


0.4 

- 

18 

0.4 

- 

18 

V 

Output Sink Current 

Vo = 5V 

1 

10 

30 

1 

10 

30 

mA 

Output Source Current 

< 

o 

II 

o 

< 

-1 

-10 

-20 

-1 

-10 

-20 

mA 

_i 

o 

> 

< 

Vo = 1 to IIV 

100 

120 

- 

100 

120 

- 

dB 

CMRR 

VlN = 1 to liv 

70 

80 

— 

70 

80 

- 

dB 

PSRR 

Vcc = 10 to 20V 

70 

100 

- 

70 

100 

- 

dB 

Gain Bandwidth* 


0.6 

0.8 

— 

0.6 

.0.8 

- 

MHz 

Reset Drive Section | 

Input Leakage 

Vdr = 30V 

— 

- 

10 

- 

- 

10 

aA 

Output Leakage 

Vr = -80V 

— 

- 

-100 

- 

- 

-100 

/.A 

Input Current 

Ir = -50mA, Vr = 0 

— 

-1 

-2 

- 

-1 

-2 

mA 

Maximum Reset Current 

Idr = -3mA, Vr = 0 

-90 

-120 

-200 

-90 

-120 

-200 

mA 

Transconductance 

Ir = -10 to -50mA 

.03 

.04 

.05 

.03 

.04 

.05 

A/V 


NOTE: These parameters guaranteed by design and not 100% tested in production. 

TYPICAL APPLICATION 
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RESET CURRENT - (mA) RESET CURRENT - (mA) GAIN MAGNITUDE - (dB) 


UC1838 

UC2838 

UC3838 


Amplifier Open-Loop Response 



0.1 1 10 100 Ik 10k .IM IM 

SIGNAL FREQUENCY - (Hz) 


Reset Driver Response 



Reset Driver — Input Current 



-0.2 -0.4 -0.6 -0.8 -1.0 -1.2 


INPUT CURRENT - (mA) 


Reset Driver — Output Impedance 



Reset Driver — Input Voltage 



INPUT VOLTAGE - Volts (W.R.T. Vm) 


Reference Temperature Coefficient 



-50 0 +50 +100 +150 

JUNCTION TEMPERATURE - (°C) 
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PHASE - (Degrees) 





LINEAR INTEGRATED CIRCUITS 

Programmable, Off-Line, PWM Controller 


UC1840 

UC2840 

UC3840 


FEATURES 

• All control, driving, monitoring, and 
protection functions included 

• Low-current, off-line start circuit 

• Feed-forward line regulation over 4 to 1 
input range 

• PWM latch for single pulse per period 

• Pulse-by-pulse current limiting plus 
shutdown for over-current fault 

• No start-up or shutdown transients 

• Slow turn-on and maximum duty-cycle 
clamp 

• Shutdown upon over- or under-voltage 
sensing 

• Latch off or continuous retry after fault 

• Remote, pulse-commandable start/ stop 

• PWM output switch usable to lA peak 
current 

• 1% reference accuracy 

• 500kHz operation 

• 18-pin OIL package 


DESCRIPTION 

Although containing most of the features required by all types of switching power supply 
controllers, the UC1840 family has been optimized for highly-efficient boot-strapped 
primary-side operation in forward or flyback power converters. Two important features 
for this mode are a starting circuit which requires little current from the primary input 
voltage and feed-forward control for constant volt-second operation over a wide input 
voltage range. 

In addition to startup and normal regulating PWM functions, these devices offer built-in 
protection from over-voltage, under-voltage, and over-current fault conditions. This 
monitoring circuitry contains the added features that any fault will initiate a complete 
shutdown with provisions for either latch off or automatic restart. In the latch-off mode, 
the controller may be started and stopped with external pulsed or steady-state 
commands. 

Other performance features of these devices include a 1% accurate reference, provision 
for slow-turn-on and duty-cycle limiting, and high-speed pulse-by-pulse current limiting 
in addition to current fault shutdown. 

The UC1840’s PWM output stage includes a latch to insure only a single pulse per period 
and is designed to optimize the turn off of an external switching device by conducting 
during the "OFF" time with a capability for both high peak current and low saturation 
voltage. These devices are available in an 18-pin dual-in-line plastic or ceramic package. 
The UC1840 is characterized for operation over the full military temperature range of 
-55°C to -h 125°C. The UC2840 and UC3840 are designed for operation from -25°C to 
+85°C and 0°C to -^70°C, respectively. 


BLOCK DIAGRAM 



V,N SUPPLY 


DRIVER 
' BIAS 


I PWM 
OUTPUT 


5.0V REF 


START/ 
DUTY CYCLE 
CLAMP 


, CUR LIMIT 
' THRESHOLD 


-<D CURRENT SENSE 


Note: Positive true logic, latch outputs high with set, reset has priority. 
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UPJeTRODE 



UC1840 

UC2840 

UC3840 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, +Vin (Pin 15) 

Voltage Driven +32V 

Current Driven, 100mA maximum Self-limiting 

PWM Output Voltage (Pin 12) 40V 

PWM Output Current, Steady-State (Pin 12) 400mA 

PWM Output Peak Energy Discharge 20/yJoules 

Driver Bias Current (Pin 14) -200mA 

Reference Output Current (Pin 16) -50mA 

Slow-Start Sink Current (Pin 8) 20mA 

ViN Sense Current (Pin 11) 10mA 

Current Limit Inputs (Pins 6 & 7) -0.5 to +5.5V 

Comparator Inputs (Pins 2, 3, 4, 5, 17, 18) -0.3 to +32V 

Power Dissipation at Ta = 25®C lOOOmW 

Derate at 10 mW/°C for Ta above 50®C 

Power Dissipation at To = 25®C 2000mW 

Derate at 16 mW/°C for Tc above 25®C 

Thermal Resistance, Junction to Ambient 100®C/W 

Thermal Resistance, Junction to Case 60®C/W 

Operating Junction Temperature -55®C to +150®C 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (Soldering, 10 sec) +300®C 


Notes: 1. All voltages are with respect to ground, Pin 13. 

Currents are positive-into, negative-out of the specified terminal. 


CONNECTION DIAGRAM 


DIL18 (TOP VIEW) UC1840 

J or N PACKAGE UC2840 

UC3840 


COMPENSATION 

W 

1 18 

NON-INV INPUT 

START/UV 

2 

17 

INVERTING INPUT 

OV SENSE 

3 

16 

5.0V REF 

STOP 

4 

15 

+ ViN SUPPLY 

RESET 

5 

14 

DRIVER BIAS 

CURRENT THRESHOLD 

6 

13 

GROUND 

CURRENT SENSE 

7 

12 

PWM OUTPUT 

SLOW-START 

8 

11 

V,N SENSE 

Rt/Ct 

9 

10 

RAMP 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125®C for the UC1840, 
-25^0 to +85‘’C for the UC2840, and 0°C to 70®C for the UC3840: Vin = 20V, Rt = 20k, 

Ct = iOOlmfd, Cr = .OOlmfd,. Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1840 

UC2840 

UC3840 

UNITS 

MIN. 1 TYP. 

MAX. 

MIN. 

TYP. 1 MAX. 

Power Inputs | 

Start-Up Current 

Vin = 30V, Pin 2 = 2.5V, Tj = 25‘’C 


4 

5.5 


4 

5.5 

mA 

Start-Up Current T.C.* 

Vin = 30V, Pin 2 = 2.5V 


-0.1 

-0.2 


-0.1 

-0.2 

%/^C 

Operating Current 

Vin = 30V, Pin 2 = 3.5V 

5 

10 

15 

5 

10 

15 

mA 

Supply OV Clamp 

liN = 20mA 

33 

40 

45 

33 

40 

48 

V 

Reference Section | 

Reference Voltage 

Tj = 25*^0 

4.95 

5.0 

5.05 

4.9 

5.0 

5.1 

V 

Line Regulation 

Vin = 8 to 30V 


10 

15 


10 

20 

mV 

Load Regulation 

II = 0 to 20mA 


10 

20 


10 

30 

mV 

Temperature Coefficient* 

Over operating temperature range 



±0.4 



±0.4 

mV/“C 

Short Circuit Current 

Vref = 0, Tj = 25-0 


-80 

-100 


-80 

-100 

mA 

Oscillator | 

Nominal Frequency 

Tj = 25°C 

47 

50 

53 

45 

50 

55 

kHz 

Voltage Stability 

Vin = 8 to 30V 


0.5 

1 


0.5 

1 

% 

Temperature Coefficient* 

Over operating temperature range 



±.08 



;±.08 

%rc 

Maximum Frequency 

Rt = 2kn, Ct = 330pF 

500 



500 



kHz 

Ramp Generator { 

Ramp Current, Minimum 

ISENSE = -lO/iA 


-11 

-14 


-11 

-14 

/iA 

Ramp Current, Maximum 

IsENSE = 1.0mA 

-0.9 

-.95 


-0.9 

-.95 


mA 

Ramp Valley 


0.3 

0.5 

0.7 

0.3 

0.5 

0.7 

V 

Ramp Peak 

Clamping Level 

3.9 

4.2 

4.5 

3.9 

4.2 

4.5 

V 


*Guaranteed by design. Not 100% tested in production. 
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UC1840 

UC2840 

UC3840 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125®C for the UC1840, 
-25‘’C to +85“C for the UC2840, and 0®C to 70®C for the UC3840; Vin = 20V, Rj = 20k, 

Ct = .OOlmfd, Cr = .OOlmfd, Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1840 

UC2840 

UC3840 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Error Amplifier | 

Input Offset Voltage 

VcM = 5.0V 


0.5 

5 


2 

10 

mV 

Input Bias Current 



0.5 

2 


1 

5 


Input Offset Current 




0.5 



0.5 

/iA 

Open Loop Gain 

AVo = 1 to 3V 

60 

66 


60 

66 


dB 

Output Swing 

(Max. Output < Ramp Peak - lOOmV) 

Minimum Total Range 

0.3 


3.5 

0.3 


3.5 

V 

CMRR 

VcM = 1.5 to 5.5V 

70 

80 


70 

80 


dB 

PSRR 

Vin = 8 to 30V 

40 

50 


40 

50 


dB 

Short Circuit Current 

VcoMP = OV 


-4 

-10 


-4 

-10 

mA 

Gain Bandwidth* 

Tj*= 25‘’C, Avol = OdB 

1 

2 


1 

2 


MHz 

Slew Rate* 

Tj = 25‘’C, Avcl = OdB 


0.8 



0.8 


V//iS 

PWM Section | 

Continuous Duty Cycle Range* 

(other than zero) 

Minimum Total Continuous Range 
Ramp Peak < 4.2V 

5 


95 

5 


95 

% 

Output Saturation 

louT ='20mA 


0.2 

0.4 


0.2 

0.4 

V 

Output Saturation 

louT = 200mA 


1.7 

2.2 


1.7 

2.2 

V 

Output Leakage 

VouT = 40V 


0.1 

10 


0.1 

10 

//A 

Comparator Delay* 

Pin 8 to Pin 12 

Tj = 25‘’C, Rl= IkQ 


300 

500 


300 

500 

ns 

Sequencing Functions | 

Comparator Thresholds 

Pins 2, 3, 4, 5 

2.8 

3.0 

3.2 

2.8 

3.0 

3.2 

V 

Input Bias Current 

Pins 3, 4, 5 = OV 


-1.0 

-3.0 


-1.0 

-3.0 

/iA 

Start/ UV Hysteresis Current 

Pin 2 = 2.5V, Tj = 25^0 

180 

200 

220 

170 

200 

230 


Input Leakage 

Input V = 20V 


0.1 

10 


0.1 

10 

/iA 

Driver Bias Saturation Voltage, Vin - Voh 

Ib = -50mA 


2 

3 


2 

3 

V 

Driver Bias Leakage 

> 

o 

II 

m 

> 


-0.1 

-10 


-0.1 

-10 


Slow-Start Saturation 

Is = 2mA 


0.2 

0.5 


0.2 

0.5 

V 

Slow-Start Leakage 

Vs = 4.5V 


0.1 

2.0 


0.1 

2.0 

AiA 

Current Control | 

Current Limit Offset 



0 

5 


0 

10 

mV 

Current Shutdown Offset 


370 

400 

430 

360 

400 

440 

mV 

Input Bias Current 

Pin 7 = OV 


-2 

-5 


-2 

-5 

/iA 

Common Mode Range* 


-0.4 


3.0 

-0.4 


3.0 

V 

Current Limit Delay* 

Tj = 25°C, Pin7tol2, RL=lk 


200 

400 


200 

400 

ns 


* Guaranteed by design. Not 100% tested in production. 
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UC1840 

UC2840 

UC3840 


FUNCTIONAL DESCRIPTION 


PWM CONTROL 

1. Oscillator: 

Generates a fixed-frequency internal clock from an external Rt and Ct. 

Kc 

Frequency - n where Kc is a first-order correction factor « 0.3 log (Ct X 10^^). 

RtCt 

2. Ramp Generator: 

^ .. dv sense voltage 

Develops a linear ramp with a slope defined externally by = 

dt RrCr 

Cr is normally selected < Ct and its value will have some effect upon valley voltage. 

Cr terminal can be used as an input port for current mode control. 

3. Error Amplifier: 

Conventional operational amplifier for closed-loop gain and phase compensation. 

Low output impedance; unity-gain stable. 

4. Reference Generator: 

Precision 5.0V for internal and external usage to 50mA. 

Tracking 3.0V reference for internal usage only with nominal accuracy of ± 2%. 

40V clamp zener for chip OV protection, 100mA maximum current. 

5. PWM Comparator: 

Generates output pulse which starts at termination of clock pulse and ends when the ramp input 
crosses the lowest of two positive inputs. 

6. PWM Latch: 

Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse- 
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 

7. PWM Output Switch: 

Transistor capable of sinking current to ground which is off during the PWM on-time and turns on 
to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amp. 

SEQUENCING FUNCTIONS 

1. Start/UV Sense: 

This comparator performs three functions— 

With an increasing voltage, it generates a turn-on signal at a start threshold. 

With a decreasing voltage, it generates a UV fault signal at a lower level separated by a 

200fj/K hysteresis current. 

At the UV threshold, it also resets the Error Latch if the Reset Latch has been set. 

2. Drive Switch: 

Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until 
input voltage reaches start threshold. 

3. Driver Bias: 

Supplies drive current to external power switch to provide turn-on bias. 

4. Slow Start: 

Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. 

Also used to clamp maximum duty cycle with divider Rs Rdc- 

5. Start Latch: 

Keeps low input voltage at initial turn-on from being defined as a UV fault. Sets at start level to 
monitor for UV fault. 

6. Reset Latch: 

When reset, this latch insures no reset signal to either Start or Error latches so that first fault will 
lock the PWM off. 

When set, this latch resets the Start and Error latches at the UV low threshold, allowing a restart. 

PROTECTION FUNCTIONS | 

1. Error Latch: 

When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 

Inputs to Error Latch are: 

a. UV low (after turn-on) 

b. OV high 

c. Stop low 

d. Current Sense 400mV over threshold. 

Error Latch resets at UV threshold if Reset Latch is set. 

2. Current Limiting: 

Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. 

When sense voltage rises to 400mV above threshold, a shutdown signal is sent to Error Latch. 
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VOLTAGE GAIN - (dB) FREQUENCY - (KHz) HYSTERESIS CURRENT - (Microamps) 


UC1840 

UC2840 

Start/UV Hysteresis Current PWM Output Saturation Voltage UC3840 



JUNCTION TEMPERATURE - (“C) OUTPUT SINK CURRENT - (mA) 


Oscillator Frequency 



1, 2 5 10 20 50 100 200 500 

Rt TIMING RESISTOR - (kO) 


PWM Output Minimum Pulse Width 



10 20 30 50 100 200 300 500 

OSCILLATOR FREQUENCY - (k Hertz) 


Error Amplifier Open-Loop Gain and Phase 



Shutdown Timing 



FREQUENCY - (Hertz) 


DELAY TIME - (n sec) 
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UC1840 

UC2840 

UC3840 


OPEN-LOOP TEST CIRCUIT 



Nominal Frequency = = 50kHz UV Fault Voltage = 3 ^^^ -) = 8V Current Limit = 200mV 

Rt Ct \ R2 *** R3 / 

. . . . Current Fault Voltage = 600mV 

start Voltage = 3 r' + 0-2Ri = 12V OV Fault Voltage = 3 H = 32V Duty Cycle Clamp = 50% 


FLYBACK APPLICATION (A) 

In this application (see Figure A, next page), complete control is 
maintained on the primary side. Control power is provided by Rin 
and CiN during start-up, and by a primary-referenced low voltage 
winding, N2, for efficient operation after start. The error amplifier 
loop is closed to regulate the DC voltage from N2 with other 
outputs following through their magnetic coupling — a task made 
even easier with the UC1840’s feed-forward line regulation. 

An extension to this application for more precise regulation would 
be the use of the UC1901 Isolated Feedback Generator for direct 
closed-loop control to an output. The UC1840 will readily accept 
digital start/stop commands transmitted from the secondary side 
by means of optical couplers. 

Not shown are protective snubbers or additional interface circui- 
try which may be required by the choice of the high-voltage 
switch, Qs, or the application. 


REGULATOR APPLICATION (B) 

Although primarily intended for transformer-coupled power sys- 
tems, the UC1840’s advantages of feed-forward for high ripple- 
rejection, a fully contained fault monitoring system and remote 
start/stop capability make it worth considering for other types of 
regulators. Since the fault logic within the UC1840 requires recy- 
cling the voltage sensed by the Start/UV Comparator to reset the 
error latch, a need for automatic restart must be addressed in a 
manner similar to that shown in Figure B (next page). In this 
simple, non-isolated, buck regulator; diode D1 provides a low- 
impedence bootstrapped drive power source after start-up is 
achieved through Rin and Cin. When a fault shutdown terminates 
switching action, the loading of Q1 and Rdwill lower the voltage on 
pin 2 to effect an automatic re-start attempt which will continu- 
ously recycle until the fault is removed. 
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UC1840 

UC2840 

UC3840 


UC1840 PROGRAMMABLE PWM CONTROLLER IN A SIMPLIFIED FLYBACK REGULATOR (A) 



UC1840 CONTROLS A HIGH-CURRENT NON ISOLATED BUCK REGULATOR (B) 
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UC1840 

UC2840 

UC3840 


UC1840 POWER SEQUENCING FUNCTIONS 



UC1840 POWER SEQUENCING FUNCTIONS 
TIME EVENT 


A 

B 

C 

D 

E 

F 

^ \ 
H J 

I 

J 

K 

L 

M 

N 

0 

P I 

Q / 

R 

S 

T 

U 

V 


Initial turn-on, Vc rises with light load 

Start threshold. Driver Bias loads Vc 

Operating PWM regulates Vc 

Stop input sets Error Latch turning off PWM 

UV low threshold, Error Latch remains set 

Start turns on Driver Bias but Error Latch still set 

Vc and Driver Bias continue to cycle 

Stop command removed 

Error Latch reset at UV low threshold 

Start threshold now removes slow-start clamp 

Return to normal run state 

Reset Latch set signal removed 

Error Latch set with momentary fault 

Error Latch does not reset as Reset Latch is reset 

Vc and Driver Bias recycle with no turn-on. 

Reset Latch set is set with momentary Reset signal 

Vc must complete cycle to turn-on 

Start and Error Latches reset 

Normal start initiated 

Return to normal run state 
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LINEAR INTEGRATED CIRCUITS 

Programmable, Off-Line, PWM Controller 


UC1841 

UC2841 

UC3841 

PRELIMINARY 


DESCRIPTION 

The UC1841 family of PWM controllers has been designed to increase the level of 
versatility while retaining all of the performance features of the earlier UC1840 devices. 
While still optimized for highly-efficient boot-strapped primary-side operation in forward 
or flyback power converters, the UC1841 is equally adept in implementing both low and 
high voltage input DC to DC converters. Important performance features include a 
low-current starting circuit, linear feed-forward for constant volt-second operation, and 
compatibility with either voltage or current mode topologies. 

In addition to start-up and normal regulating PWM functions, these devices include 
built in protection from over-voltage, under-voltage, and over-current fault conditions 
with the option for either latch-off or automatic restart. 

While pin compatible with the UC1840 in all respects except that the polarity of the 
External Stop has been reversed, the UC1841 offers the following improvements: 

1. Fault latch reset is accomplished with slow start discharge rather than recycling 
the input voltage to the chip. 

2. The External Stop input can be used for a fault delay to resist shutdown from short 
duration transients. 

3. The duty-cycle clamping function has been characterized and specified. 

These devices are packaged in 18-pin plastic or ceramic dual-in-line packages with the 
UC1841 characterized for -55°C to -t-125°C operation while the UC2841 and UC3841 
are designed for -25°C to +85°C and 0°C to +70°C, respectively. 

BLOCK DIAGRAM (Pin numbers shown for DIL-18 package) 



FEATURES 

• All control, driving, monitoring, and 
protection functions included 

• Low-current, off-line start circuit 

• Voltage feed forward or current mode 
control 

• Guaranteed duty cycle clamp 

• PWM latch for single pulse per period 

• Pulse-by-pulse current limiting plus 
shutdown for over-current fault 

• No start-up or shutdown transients 

• Slow turn-on both initially and after fault 
shutdown 

• Shutdown upon over- or under-voltage 
sensing 

• Latch off or continuous retry after fault 

• PWM output switch usable to lA peak 
current 

• 1% reference accuracy 

• 500kHz operation 

• 18-pin DIL package 



UIMITRODE 
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UC1841 

UC2841 

UC3841 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, +Vin (Pin 15) 

Voltage Driven +32V 

Current Driven, 100mA maximum Self-limiting 

PWM Output Voltage (Pin 12) 40V 

PWM Output Current, Steady-State (Pin 12) 400mA 

PWM Output Peak Energy Discharge 20juJoules 

Driver Bias Current (Pin 14) -200mA 

Reference Output Current (Pin 16) ; -50mA 

Slo\A/-Start Sink Current (Pin 8) 20mA 

V|N Sense Current (Pin 11) 10mA 

Current Limit Inputs (Pins 6 & 7) -0.5 to +5.5V 

Stop Input (Pin 4) -0.3 to +5.5V 

Comparator Inputs 

(Pins 2, 3, 5, 17, 18) Internally clamped at 12V 

Power Dissipation at Ta = 25®C lOOOmW 

Derate at 10mW/°C for Ta above 50°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C for Tc above 25®C 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature Range -65°C to -•-150°C 

Lead Temperature (Soldering, 10 sec) -»-300°C 


Notes: 1. All voltages are with respect to ground, Pin 13. 

Currents are positive-into, negative-out of the specified terminal. 
2., All pin numbers are referenced to DIL-18 package. 


CONNECTION DIAGRAMS 


TOP VIEWS 

DIL-18, J or N PACKAGE 


1 


18 

2 


17 

3 


16 

4 


15 

5 


14 

6 


13 
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12 

8 
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PLCC-20 
Q PACKAGE 


A 

2 1 20 19 
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PACKAGE PIN FUNCTIONS 


FUNCTION 

DIL 

PLCC 

COMP 

1 

1 

START/ UV 

2 

2 

OV SENSE 

3 

3 

STOP 

4 

4 

RESET 

5 

5 

CUR THRESH 

6 

7 

CUR SENSE 

7 

8 

SLOW START 

8 

9 

RT/CT 

9 

10 

RAMP 

10 

11 

ViN SENSE 

11 

12 

PWM OUT 

12 

13 

GROUND 

13 

14 

DRIV BIAS 

14 

15 

+V|N SUPPLY 

15 

17 

5.0V REF 

16 

18 

INV INPUT 

17 

19 

N.l. INPUT 

18 

20 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to -t-125°C for the UC1841, 


-25°C to +85°C for the UC2841, and 0°C to 70°C for the UC3841: Vin = 20V, Rt = 20kQ, 
Ct = .001 mfd, Rr = lOkQ, Cr = .OOlmfd, Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1841 

UC2841 

UC3841 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Power Inputs | 

Start-Up Current 

Vin = 30V, Pin 2 = 2.5V, 


4 

5 


4 

5 

mA 

Operating Current 

Vin = 30V, Pin 2 = 3.5V 


9 

12 


9 

12 

mA 

Supply OV Clamp 

Vin = 20mA 

33 

40 

45 

33 

40 

45 

V 

Reference Section | 

Reference Voltage 

Tj = 25°C 

4.95 

5.0 

5.05 

4.9 

5.0 

5.1 

V 

Line Regulation 

Vin = 8 to 30V 


10 

15 


10 

20 

mV 

Load Regulation 

II = 0 to 10mA 


10 

20 


10 

30 

mV 

Temperature Coefficient* 

Over operating temperature range 



±0.4 



±0.4 

mV/°C 

Short Circuit Current 

Vref = 0, Tj = 25°C 


-80 

-100 


-80 

-100 

mA 

Oscillator | 

Nominal Frequency 

Tj = 25°C 

47 

50 

53 

45 

50 

55 

kHz 

Voltage Stability 

Vin = 8 to 30V 


0.5 

1 


0.5 

1 

% 

Temperature Coefficient* 

Over operating temperature range 



±.08 



±.08 

%/°C 

Maximum Frequency 

Rt = 2kn, Ct = 330pF 

500 



500 



kHz 

Ramp Generator | 

Ramp Current, Minimum 

ISENSE = -lOyuA 


-11 

-14 


-11 

-14 

aA 

Ramp Current, Maximum 

IsENSE = 1.0mA 

-0.9 

-.95 


-0.9 

-.95 


mA 

Ramp Valley 


0.3 

0.4 

0.6 

0.3 

0.4 

0.6 

V 

Ramp Peak 

Clamping Level 

3.9 

4.2 

4.5 

3.9 

4.2 

4.5 

V 


^Guaranteed by design. Not 100% tested in production. 
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UC1841 

UC2841 

UC3841 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1841, 


-25°C to +85°C for the UC2841, and 0°C to 70°C for the UC3841: Vin = 20V, Rj = 20kQ, 
Ct = .OOlmfd, Rr = lOkO, Cr = .OOlmfd, Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1841 

UC2841 

UC3841 

UNITS 

MIN.| TYP. 

MAX. 

MIN. 

TYP. 1 MAX. 

Error Amplifier | 

Input Offset Voltage 

VcM = 5.0V 


0.5 

5 


2 

10 

mV 

Input Bias Current 



0.5 

2 


1 

5 

aA 

Input Offset Current 




0.5 



0.5 

aA 

Open Loop Gain 

AVo = 1 to 3V 

60 

66 


60 

66 


dB 

Output Swing 

(Max. Output < Ramp Peak - lOOmV) 

Minimum Total Range 

0.3 


3.5 

0.3 


3.5 

V 

CMRR 

VcM = 1.5to5.5V 

70 

80 


70 

80 


dB 

PSRR 

Vin = 8 to 30V 

40 

50 


40 

50 


dB 

Short Circuit Current 

VcoMP = OV 


-4 

-10 


-4 

-10 

mA 

Gain Bandwidth* 

Tj = 25°C, Avol = OdB 

1 

2 


1 

2 


MHz 

Slew Rate* 

Tj = 25°C, Avcl = OdB 


0.8 



0.8 


V//JS 

PWM Section | 

Continuous Duty Cycle Range* 

(other than zero) 

Minimum Total Continuous Range 
Ramp Peak < 4.2V 

4 


95 

4 


95 

% 

50% Duty Cycle Clamp 

Rsense to Vref = 10k 

42 

47 

52 

42 

47 

52 

% 

Output Saturation 

louT - 20mA 


0.2 

0.4 


0.2 

0.4 

V 

Output Saturation 

louT = 200mA 


1.7 

2.2 


1.7 

2.2 

V 

Output Leakage 

VouT = 40V 


0.1 

10 


0.1 

10 

aA 

Comparator Delay* 

Pin 8 to Pin 12 

Tj = 25°C, Rl = IkO 


300 

500 


300 

500 

ns 

Sequencing Functions | 

Comparator Thresholds 

Pins 2, 3, 5 

2.8 

3.0 

3.2 

2.8 

3.0 

3.2 

V 

Input Bias Current 

Pins 3, 5 = OV 


-1.0 

-4.0 


-1.0 

-4.0 

aA 

Input Leakage 

Pins 3,5 = lOV 


0.1 

2.0 


0.1 

2.0 

aA 

Start/ UV Hysteresis Current 

Pin 2 = 2.5V, 

, 170, 

200 

220 

170 

200 

230 

aA 

Ext. Stop Threshold 

Pin 4 

0.8 

1.2 

2.4 

0.8 

1.2 

2.4 

V 

Error Latch Activate Current 

Pin 4 = OV, Pin 3 > 3V 


-120 

-200 


-120 

-200 

aA 

Driver Bias Saturation Voltage, Vin “ Vqh 

Ib = -50mA 


2 

3 


2 

3 

V 

Driver Bias Leakage 

< 

00 

II 

o 

< 


-0.1 

-10' 


-0.1 

-10 

aA 

Slow-Start Saturation 

Is = 10mA 


0.2 

0.5 


0.2 

0.5 

V 

Slow-Start Leakage 

Vs = 4.5V 


0.1 

2.0 


0.1 

2.0 

aA 

Current Control | 

Current Limit Offset 



0 

5 


0 

10 

mV 

Current Shutdown Offset 


370 

400 

430 

360 

400 

440 

mV 

Input Bias Current 

Pin 7 = OV 


-2 

-5 


-2 

-5 

aA 

Common Mode Range* 


-0.4 


3.0 

-0.4 


3.0 

V 

Current Limit Delay* 

Tj = 25^, Pin 7 to 12, Rl = Ik 


200 

400 


200 

400 

ns 


^Guaranteed by design. Not 100% tested in production. 
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UC1841 

UC2841 

UC3841 


FUNCTIONAL DESCRIPTION 


PWM CONTROL | 

1. Oscillator: 

Generates a fixed -frequency internal clock from an external Rj and Cj. 

Kc .,2 

Frequency - ^ where Kc is a first-order correction factor 0.3 log (Ct X 10 ). 

RtCt 

2. Ramp Generator: 

dv sense voltage 

Develops linear ramp with slope defined externally by , = ^ ^ 

dt RrCr 

Cr is normally selected < Ct and its value will have some effect upon valley voltage. 

Limiting the minimum value for Isense into pin 11 will establish a maximum duty cycle clamp. 

Cr terminal can be used as an input port for current mode control. 

3. Error Amplifier: 

Conventional operational amplifier for closed-loop gain and phase compensation. 

Low output impedance: unity-gain stable. 

The output is held low by the slow start voltage at turn on in order to minimize overshoot. 

4. Reference Generator: 

Precision 5.0V for internal and external usage to 50mA. 

Tracking 3.0V reference for internal usage only with nominal accuracy of ± 2%. 

40V clamp zener for chip OV protection, 100mA maximum current. 

5. PWM Comparator: 

Generates output pulse which starts at termination of clock pulse and ends when the ramp input 
crosses the lowest of two positive inputs. 

6. PWM Latch: 

Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse- 
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 

7. PWM Output Switch: 

Transistor capable of sinking current to ground which is off during the PWM on-time and turns on 
to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amp. 

SEQUENCING FUNCTIONS | 

1. Start/ UV Sense: 

With an increasing voltage, this comparator generates a turn-on signal and releases the slow-start 
clamp at a start threshold. 

With a decreasing voltage, it generates a turn-off command at a lower level separated by a 200 /jA 
hysteresis current. 

2. Drive Switch: 

Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until 
input voltage reaches start threshold. 

3. Driver Bias: 

Supplies drive current to external power switch to provide turn-on bias. 

4. Slow Start: 

Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. 

Can also be used as an alternate maximum duty cycle clamp with an external voltage divider. 

PROTECTION FUNCTIONS | 

1. Error Latch: 

When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 

Inputs to Error Latch are: 

a. OV > 3.0V 

b. Stop > 1.2V 

c. Current Sense 400mV over threshold. 

Error Latch resets when slow start voltage falls to 0.4V if Reset Pin 5 < 3.0V. With Pin 5 > 3.0V, 

Error Latch will remain set. 

2. Current Limiting: 

Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. 

When sense voltage rises to 400mV above threshold, a shutdown signal is sent to Error Latch. 

3. Ext. Stop: 

A voltage over 1.2V will set the Error Latch and hold the output off. 

A voltage less than 0.8V will defeat the error latch and prevent shutdown. 

A capacitor here will slow the action of the error latch for transient protection by providing a delay 
of lOrnsZ/zF. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


3-102 


PRINTED IN U.S.A. 




VOLTAGE GAIN - (dB) FREQUENCY - (KHz) HYSTERESIS CURRENT - (Microamps) 
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UC1841 

UC2841 

UC3841 


OPEN-LOOP TEST CIRCUIT 



FLYBACK APPLICATION (A) 

In this application (see Figure A, next page), complete control is 
maintained on the primary side. Control power is provided by Rin 
and CiN during start-up, and by a primary-referenced low voltage 
winding, N2, for efficient operation after start. The error amplifier 
loop is closed to regulate the DC voltage from N2 with other 
outputs following through their magnetic coupling — a task made 
even easier with the UC184rs feed-forward line regulation. 

An extension to this application for more precise regulation would 
be the use of the UC1901 Isolated Feedback Generator for direct 
closed-loop control to an output. 

Not shown, are protective snubbers or additional interface circui- 
try which may be required by the choice of the high-voltage 
switch, Qs, or the application: however, one example of power 
transistor interfacing is provided on the following page. 


REGULATOR APPLICATION (B) 

With the addition of a level shifting transistor, Ql, the UC1841 is 
an ideal control circuit for DC to DC converters such as the buck 
regulator shown in Figure B opposite. In addition to providing 
constant current drive pulses to the PIC661 power switch, this 
circuit has full fault protection and high speed dynamic line 
regulation due to its feed -forward capability. An additional feature 
is the ability to work with high input line voltages — in this case, up 
to 60V — with internal protective clamping. 
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UC1841 

UC2841 

UC3841 

UC1841 PROGRAMMABLE PWM CONTROLLER IN A SIMPLIFIED FLYBACK REGULATOR (A) 



UC1841 CONTROLS A HIGH-CURRENT, HIGH-INPUT VOLTAGE BUCK REGULATOR (B) 
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UC1841 

UC2841 

UC3841 


ERROR LATCH INTERNAL CIRCUITRY 


INTERFACING HIGH-VOLTAGE BIPOLAR TRANSISTORS 


INTERNAL 5V 




The Error Latch consists of Q5 and Q6 which, when both on, turns 
off the PWM Output and pulls the Slow-Start pin low. This latch is 
set by either the Over-Voltage or Current Shutdown comparators, 
or by a high signal on Pin 4. Reset is accomplished by either the 
Reset comparator or a low signal on Pin 4. An activation time delay 
can be provided with an external capacitor on Pin 4 in conjunction 
with the « 100/iA collector current from Q4. 


CURRENT MODE CONTROL 


1 



Most high voltage transistors trade both current gain and speed 
for voltage capability. This circuit provides both high turn-on and 
turn-off pulse base currents into Q3 as well as a Baker clamp 
saturation control. This entire drive circuit is held off by the 
UC184rs Drive Switch for low current drain while the control 
voltage is rising. 


VOLTAGE FEED-FORWARD COMBINED WITH 
MAXIMUM DUTY-CYCLE CLAMP 


ViN 



In this circuit, R1 is used in conjunction with Cr (not shown) to 
establish a minimum ramp charging current such that the ramp 
voltage reaches 4.2V at the required maximum output pulse 
width. 

The purpose of Q1 is to provide an increasing rampcurrentabove 
a threshold established by R2 and R3 such that the duty cycle is 
further reduced with increasing Vin. 


Since Pin 10 is a direct input to the PWM comparator, this point 
can also serve as a current sense portfor current mode control. In 
this application, current sensing is ground referenced through 
Res- Resistor R1 sets a 400mV offset across R2 (assuming R2 > 
Res) so that both the Error Amplifier and Fault Shutdown can 
force the current completely to zero. R2 is also used along with Cp 
as a small filter to attenuate leading-edge spikes on the load cur- 
rent waveform. In this mode, current limiting can be accom- 
plished by divider R3/R4 which forms a clamp overriding the 
output of the Error Amplifier. 


The minimum ramp current is: 

VreF - V|N SENSE 


Ir (MIN) : 


R1 


4V 

R1 


The threshold where Vin begins to add extra ramp current is: 
/ R2 + R3 ' 

V,m^5.6V 

Above the threshold, the ramp current will be: 

4 Vin -5.6 5.6 

R1 R2 ~ R3 


Ir (VARIAB) = 
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LINEAR INTEGRATED CIRCUITS 

Current Mode PWM Controller 


UC1842/3/4/5 

UC2842/3/4/5 

UC3842/3/4/5 


FEATURES 

• Optimized for off-line and DC to DC 
converters 

• Low start up current (<lmA) 

• Automatic feed forward compensation 

• Pulse-by-pulse current limiting 

• Enhanced load response characteristics 

• Under-voltage lockout with hysteresis 

• Double pulse suppression 

• High current totem pole output 

• Internally trimmed bandgap reference 

• SOOKHz operation 

• Low Ro error amp 


DESCRIPTION 

The UC1842/3/4/5 family of control ICs provides the necessary features to implement 
off-line or DC to DC fixed frequency current mode control schemes with a minimal 
external parts count. Internally implemented circuits include under-voltage lockout 
featuring start up current less than 1mA, a precision reference trimmed for accuracy at 
the error amp input, logic to insure latched operation, a PWM comparator which also 
provides current limit control, and a totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for driving N Channel MOSFETs, is low in 
the off state. 

Differences between members of this family are the under-voltage lockout thresholds 
and maximum duty cycle ranges. The UC1842 and UC1844 have UVLO thresholds of 
16V (on) and lOV (off), ideally suited to off-line applications. The corresponding 
thresholds for the UC1843 and UC1845 are 8.5V and 7.9V. The UC1842 and UC1843 
can operate to duty cycles approaching 100%. A range of zero to < 50% is obtained by 
the UC1844 and UC1845 by the addition of an internal toggle flip flop which blanks the 
output off every other clock cycle. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage (Low Impedence Source) 30V 

Supply Voltage (Ice < 30mA) Self Limiting 

Output Current ±1A 

Output Energy (Capacitive Load) 5/iJ 

Analog Inputs (Pins 2, 3) -0.3V to +6.3V 

Error Amp Output Sink Current 10mA 

Power Dissipation at Ta < 25°C (DIL-8) IW 

Derate 8mW/°C for Ta > 25°C 

Power Dissipation at Ta < 25°C (SO-14) 725mW 

Derate 5.8mW/°C for Ta > 25°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 

Note: 1. All voltages are with respect to Pin 5. 


All currents are positive into the specified terminal. 

BLOCK DIAGRAM 


CONNECTION DIAGRAM 


DIL-S (TOP VIEW) 

N or J PACKAGE 

S0.14 (TOP VIEW) 

D PACKAGE 

COMP [T 


"si Vref 

comp|T 
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I^NC 

ISENSE [T 


J] OUTPUT 
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^GROUND 
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T^yc 

OUTPUT 







nc\T 



7] GROUND 



Rt/Ct |T 



POWER 

GROUND 



NC = 

NO CONNECTION 



Note: 1. |a/B| A = DIL-8 Pin Number. B = SO-14 Pin Number. 
2. Toggle flip flop used only in 1844 and 1845. 
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UC1842/3/4/5 

UC2842/3/4/5 

UC3842/3/4/5 


ELECTRICAL SPECIFICATIONS (Unless otherwise stated, these specifications apply for -55 <Ta< 125°C for UC184X; -25 <Ta<85°C 


for UC284X; 0 < Ta < 70°C for UC384X; Vcc = 15V (Note 5); Rt = lOK; Ct = 3.3nF.) 


PARAMETER 

TEST CONDITIONS 

UC184X 

UC284X 

UC384X 

UNITS 

MIN. 

TYP. 1 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25‘’C, lo = 1mA 

4.95 

5.00 

•5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

12<Vin<25V 


6 

20 


6 

20 

mV 

Load Regulation 

1 < lo < 20mA 


6 

25 


6 

25 

mV 

Temp. Stability 

(Note 2) 


0.2 

0.4 


0.2 

0.4 

mV/°C 

Total Output Variation 

Line, Load, Temp. (Note 2) 

4.9 


5.1 

4.82 


5.18 

V 

Output Noise Voltage . 

lOHz < f < lOKHz, Tj = 25“C (Note 2) 


50 



50 


/yV 

Long Term Stability 

Ta = 125°C, 1000 Hrs. (Note 2) 


5 

25 


5 

25 

mV 

Output Short Circuit 


-30 

-100 

-180 

-30 

-100 

-180 

mA 

Oscillator Section | 

Initial Accuracy 

Tj = 25^0 (Note 6) 

47 

52 

57 

47 

52 

57 

KHz 

Voltage Stability 

12 < Vcc < 25V 


0.2 

1 


0.2 

1 

% 

Temp. Stability 

Tmin < Ta < Tmax (Note 2) 


5 



5 


% 

Amplitude 

VpiN 4 peak to peak 


1.7 



1.7 


V 

Error Amp Section | 

Input Voltage 

Vp,N 1 = 2.5V 

2.45 

2.50 

2.55 

2.42 

2.50 

2.58 

V 

Input Bias Current 



-0.3 

-1 


-0.3 

-2 

fj/\ 

Avol 

2 < Vo < 4V 

65 

90 


65 

90 


dB 

Unity Gain Bandwidth 

(Note 2) 

0.7 

1 


0.7 

1 


MHz 

PSRR 

12 < Vcc < 25V 

60 

70 


60 

70 


dB 

Output Sink Current 

VpiN 2 = 2.7V, VpiN 1 = I.IV 

2 

6 


2 

6 


mA 

Output Source Current 

VpiN 2 = 2.3V, VpiN 1 = 5V 

-0.5 

-0.8 


-0.5 

-0.8 


mA 

VouT High 

VpiN 2 = 2.3V, Rl = 15K to ground 

5 

6 


5 

6 


V 

VouT Low 

VpiN 2 = 2.7V, Rl= 15Kto Pin 8 


0.7 

1.1 


0.7 

1.1 

V 

Current'Sense Section | 

Gain 

(Notes 3 & 4) 

2.85 

3 

3.15 

2.85 

3 

3.15 

V/V 

Maximum Input Signal 

VpiN 1 = 5V (Note 3) 

0.9 

1 

1.1 

0.9 

1 

1.1 

V 

PSRR 

12 < Vcc < 25V (Note 3) 


70 



70 


dB 

Input Bias Current 



-2 

-10 


-2 

-10 


Delay to Output 



150 

300 


150 

300 

ns 

Output Section | 

Output Low Level 

IsiNK = 20mA 


0.1 

0.4 


0.1 

0.4 

V 

IsiNK = 200mA 


1.5 

2.2 


1.5 

2.2 

V 

Output High Level 

IsouRCE = 20mA 

13 

13.5 


13 

13.5 


V 

IsouRCE = 200mA 

12 

13.5 


12 

13.5 


V 

Rise Time 

Tj = 25"C, CL = lnF(Note 2) 


50 

150 


50 

150 

ns 

Fall Time 

Tj = 25‘’C, Cl = InF (Note 2) 


50 

150 


50 

150 

ns 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 

3. Parameter measured at trip point of latch with Vrin 2 = 0. 

4. Gain defined as: 

A VpiN 1 

A = ; 0 < VpiN 3 < 0.8V. 

A VpiN 3 

5. Adjust Vcc above the start threshold before setting at 15V. 

6. Output frequency equals oscillator frequency for the UC1842 and UC1843. 
Output frequency is one half oscillator frequency for the UC1844 and UC1845. 
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UC1842/3/4/5 

UC2842/3/4/5 

UC3842/3/4/5 


ELECTRICAL SPECIFICATIONS (Unless otherwise stated, these specifications applyfor -55 <Ta<125°C for UC184X; -25<Ta<85°C 
for UC284X; 0 < Ta < 70°C for UC384X; Vcc = 15V (Note 5); Rt = lOK; Cj = 3.3nF.) 


PARAMETER 

TEST CONDITIONS 

UC184X 

UC284X 

UC384X 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Under-Voltage Lockout Section | 








Start Threshold 

X842/4 

15 

16 

17 

14.5 

16 

17.5 

V 

X843/5 

7.8 

8.4 

9.0 

7.8 

8.4 

9.0 

V 

Min. Operating Voltage 

X842/4 

9 

10 

11 

8.5 

10 

11.5 

V 

After Turn On 

X843/5 

7.0 

7.6 

8.2 

7.0 

7.6 

8.2 

V 

PWM Section | 








Maximum Duty Cycle 

X842/3 

95 

97 

100 

95 

97 

100 

% 

X844/5 

46 

48 

50 

46 

48 

50 

% 

Minimum Duty Cycle 




0 



0 

% 

1 Total Standby Current 








Start-Up Current 



0.5 

1 


0.5 

1 

mA 

Operating Supply Current 

VpiN 2 - VpiN 3 - OV 


11 

17 


11 

17 

mA 

Vcc Zener Voltage 

Ice = 25mA 


34 



34 


V 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 

3. Parameter measured at trip point of latch with Vrin 2 = 0. 

4. Gain defined as: 


A VpiN 1 

A = ; 0 < VpiN 3 < 0.8V. 

A VpiN 3 

5. Adjust Vcc above the start threshold before setting at 15V. 

6. Output frequency equals oscillator frequency for the UC1842 and UC1843. 
Output frequency is one half oscillator frequency for the UC1844 and UC1845. 


ERROR AMP CONFIGURATION 



I 

L 

ERROR AMP CAN SOURCE OR SINK UP TO 0.5mA 
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UC1842/3/4/5 

UC2842/3/4/5 

UC3842/3/4/5 

UNDER-VOLTAGE LOCKOUT 


I 

I 

-{D- 

I 

I 

I 

I 

I 

I 

L- 



ON/OFF COMMAND 
TO REST OF 1C 



UC1842 

UC1844 

UC1843 

UC1845 

Von 

16V 

8.4V 

VoFF 

lOV 

7.6V 


VoFF Von 


During Under-Voltage Lockout, the output driver is biased to sink 
minor amounts of current. Pin 6 should be shunted to ground with 
a bleeder resistor to prevent activating the power switch with 
extraneous leakage currents. 


CURRENT SENSE CIRCUIT 


n 



L 


PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA: 
Rs 


A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 


OSCILLATOR SECTION 


I 



Deadtime vs Ct (Rt > 5K) 



1 2.2 4.7 10 22 47 100 

Ct - (nF) 


For Rt > 5K 


f « 


1.72 

RtCt 



100 IK lOK lOOK IM 

FREQUENCY - (Hz) 
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Output Saturation Characteristics 


Vcc = 

■ Ta= + 

Ta = - 

15V 

25°C 

55°C 

n 

r 






/ 

A 







/ 

✓ 






i 

— 

— 

— 

_z 




1 

;-V 

V 

oh) - 







T 

/ 

^OURCI 

ESAT 

(Vcc 




1 

> 


'v 1 I I 

^ — SINK SAT (Vol) 




.01 .02 .03 .04 .05 .07 .1 .2 .3 .4 .5 .7 1.0 

OUTPUT CURRENT, SOURCE OR SINK - (A) 


OPEN-LOOP LABORATORY TEST FIXTURE 


UC1842/3/4/5 

UC2842/3/4/5 

Error Amplifier Open-Loop UC3842/3/4/5 
Frequency Response 



10 100 IK lOK lOOK IM lOM 

FREQUENCY - (Hz) 



High peak currents associated with capacitive loads necessitate The transistor and 5K potentiometer are used to sample the 

careful grounding techniques. Timing and bypass capacitors oscillator waveform and apply an adjustable ramp to pin 3. 

should be connected close to pin 5 in a single point ground. 


SHUTDOWN TECHNIQUES 


IK 



TO CURRENT 
SENSE RESISTOR 


Shutdown of the UC1842 can be accomplished by two methods; 
either raise pin 3 above IV or pull pin 1 below a voltage two diode 
drops above ground. Either method causes the output of the PWM 


1 

I 



comparator to be high (refer to block diagram). The PWM latch is 
reset dominant so that the output will remain low until the next 
clock cycle after the shutdown condition at pins 1 and/or 3 is 
removed. In one example, an externally latched shutdown maybe 
accomplished by adding an SCR which will be reset by cycling Vcc 
below the lower UVLO threshold. At this point the reference turns 
off, allowing the SCR to reset. 
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UC1842/3/4/5 

UC2842/3/4/5 

UC3842/3/4/5 

OFFLINE FLYBACK REGULATOR 



Power Supply Specifications 

1. Input Voltage: 95VAC to 130VAC (50Hz/60Hz) 

2. Line Isolation: 3750V 

3. Switching Frequency: 40KHz 

4. Efficiency @ Full Load: 70% 


5. Output Voltage: 

A. +5V, ±5%: lA to 4A load 
Ripple voltage: 50mV P-P Max. 

B. +12V, ±3%: O.IA to 0.3A load 
Ripple voltage: lOOmV P-P Max. 

C. -12V, ±3%: O.IA to 0.3A load 
Ripple voltage: lOOmV P-P Max. 


SLOPE COMPENSATION 



A fraction of the oscillator ramp can be resistively summed with 
the current sense signal to provide slope compensation for con- 
verters requiring duty cycles over 50%. 

Note that capacitor, C, forms a filter with R 2 to suppress the 
leading edge switch spikes. 
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LINEAR INTEGRATED CIRCUITS 

Current Mode PWM Controller 


UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


FEATURES 

• Automatic feed forward compensation 

• Programmable pulse by pulse current 
limiting 

• Automatic symmetry correction in push- 
pull configuration 

• Enhanced load response characteristics 

• Parallel operation capability for modular 
power systems 

• Differential current sense amplifier with 
wide common mode range 

• Double pulse suppression 

• 200mA totem-pole outputs 

• ±1% bandgap reference 

• Under-voltage lockout 

• Soft start capability 

• Shutdown terminal 

• 500kHz operation 


DESCRIPTION 

The UC1846/1847 family of control ICs provides all of the necessary features to imple- 
ment fixed frequency, current mode control schemes while maintaining a minimum 
external parts count. The superior performance of this technique can be measured in 
improved line regulation, enhanced load response characteristics, and a simpler, easier- 
to-design control loop. Topological advantages include inherent pulse-by-pulse current 
limiting capability, automatic symmetry correction for push-pull converters, and the 
ability to parallel “power modules" while maintaining equal current sharing. 

Protection circuitry includes built-in under-voltage lockout and programmable current 
limit in addition to soft start capability. A shutdown function is also available which can 
initiate either a complete shutdown with automatic restart or latch the supply off. 

Other features include fully latched operation, double pulse suppression, deadtime 
adjust capability, and a ±1% trimmed bandgap reference. 

The UC1846 features low outputs in the OFF state, while the UC1847 features high 
outputs in the OFF state. 


BLOCK DIAGRAM 
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UNITRODE 



UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (Pin 15) +40V 

Collector Supply Voltage (Pin 13) +40V 

Output Current, Source or Sink (Pins 11, 14) 500mA 

Analog Inputs (Pins 3, 4, 5, 6, 16) -0.3V to +Vin 

Reference Output Current (Pin 2) -30mA 

Sync Output Current (Pin 10) -5mA 

Error Amplifier Output Current (Pin 7) -5mA 

Soft Start Sink Current (Pin 1) 50mA 

Oscillator Charging Current (Pin 9) 5mA 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/®C for Ta above 50®C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/®C for Tc above 25°C 

Thermal Resistance, Junction to Ambient 100®C/W 

Thermal Resistance, Junction to Case 60®C/W 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (soldering, 10 seconds) +300°C 


Note: 1. All voltages are with respect to Ground, Pin 13. 

Currents are positive into, negative out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 


J or N PACKAGE 


CURRENT 

^ 


LIMIT/ 

SOFTSTART IL 


H] SHUTDOWN 

Vref {T 


lU V,N 

(-) CURRENT nr 
SENSE L3_ 


^ OUTPUT B 

(+) CURRENT r-r- 
SENSE lA 


m Vc 

(+) ERROR AMP [F 


H] GROUND 

{-) ERROR AMP [F 


IT] OUTPUT A 

COMPENSATION [T 


SYNC 

Ct [F] 


1] Rt 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125®C for UC1846/UC1847: 

-25®C to +85°C for the UC2846/UC2847; and 0®C to +70®C for the UC3846/UC3847; V,n =15V, 

Rt = 10k, Ct = 4.7nF) 


PARAMETER 

TEST CONDITIONS 

UC1846/UC1847 

UC2846/UC2847 

UC3846/UC3847 

UNITS 

MIN. 1 TYP. 1 MAX. 

MIN. 1 TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25®C, lo= 1mA 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

V,N = 8 to 40V 


5 

20 


5 

20 

mV 

Load Regulation 

II = 1mA to 10mA 


3 

15 


3 

15 

mV 

Temperature Stability 

Over Operating Range, (Note 2) 


0.4 



0.4 


mV/°C 

Total Output Variation 

Line, Load, and Temperature (Note 2) 

5.00 


5.20 

4.95 


5.25 

V 

Output Noise Voltage 

lOHz < f < lOkHz, Tj = 25®C (Note 2) 


100 



100 


fjM 

Long Term Stability 

Ti =125®C, lOOOHrs., (Note 2) 


5 



5 


mV 

Short Circuit Output Current 

Vref = OV 

-10 

-45 


-10 

-45 


mA 

Oscillator Section | 

Initial Accuracy 

Tj = 25®C 

39 

43 

47 

39 

43 

47 

kHz 

Voltage Stability 

V,N = 8 to 40V 


-1 

2 


-1 

2 

% 

Temperature Stability 

Over Operating Range (Note 2) 


-1 



-1 


% 

Sync Output High Level 


3.9 

4.35 


3.9 

4.35 


V 

Sync Output Low Level 



2.3 

2.5 


2.3 

2.5 

V 

Sync Input High Level 

Pin 8 = OV 

3.9 



3.9 



V 

Sync Input Low Level 

Pin 8 = OV 



2.5 



2.5 

V 

Sync Input Current 

Sync Voltage = 3.9V, Pin 8 = OV 


1.3 

1.5 


1.3 

1.5 

mA 

Error Amp Section | 

Input Offset Voltage 



0.5 

5 


0.5 

10 

mV 

Input Bias Current 



-0.6 

-1 


-0.6 

-2 


Input Offset Current 



40 

250 


40 

250 

nA 

Common Mode Range 

V,N= 8 to 40V 

0 


< 

z 

1 

ro 

< 

0 


> 

C\J 

1 

z 

> 

V 

Open Loop Voltage Gain 

A Vo = 1.2 to 3V, VcM = 2V 

80 

105 


80 

105 


dB 

Unity Gain Bandwidth 

Tj = 25®C (Note 2) 

0.7 

1.0 


0.7 

1.0 


MHz 

CMRR 

VcM = 0 to 38V, V,N = 40V 

75 

100 


75 

100 


dB 

PSRR 

V,N = 8 to 40V 

80 

105 


80 

105 


dB 

Output Sink Current 

V,D = -15mV to -5V, Vpin 7 = 1.2V 

2 

6 


2 

6 


mA 

Output Source Current 

V,D = 15mV to 5V, Vpin 7 = 2.5V 

-0.4 

-0.5 


-0.4 

-0.5 


mA 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for UC1846/UC1847; 

-25°C to +85°C for the UC2846/UC2847; and 0°C to +70°C for the UC3846/UC3847: V,n =15V, 
Rt= 10k, CT = 4.7nF) 


PARAMETER 

TEST CONDITIONS 

UC1846/UC1847 

UC2846/UC2847 

UC3846/UC3847 

UNITS 

MIN. 1 TYP. MAX. 

MIN. 

TYP. 

MAX. 

Error Amp Section (continued) | 

High Level Output Voltage 

Rl = (Pin 7) 15kQ 

4.3 

4.6 


4.3 

4.6 


V 

Low Level Output Voltage 

Rl= (Pin 7) 15kQ 


0.7 

1 


0.7 

1 

V 

Current Sense Amplifier Section | 

Amplifier Gain 

Vpin 3 = OV, Pin 1 Open (Notes 3 & 4) 

2.5 

2.75 

3.0 

2.5 

2.75 

3.0 

V 

Maxirhum Differential 

Input Signal (Vpm 4 -Vpin 3 ) 

Pin 1 Open (Note 3) 

Rl (Pin 7) = 15ka 

1.1 

1.2 


1.1 

1.2 


V 

Input Offset Voltage 

Vpin 1 = 0.5 V 

Pin 7 Open (Note 3) 


5 

25 


5 

25 

mV 

CMRR 

VcM = 1 to 12V 

60 

83 


60 

83 


dB 

PSRR 

V,N = 8 to 40V 

60 

84 


60 

84 


dB 

Input Bias Current 

Vpin 1 = 0.5V, Pin 7 Open (Note 3) 


-2.5 

-10 


-2.5 

-10 


Input Offset Current 

Vpin 1 = 0.5V, Pin 7 Open (Note 3) 


0.08 

1 


0.08 

1 

aA 

Input Common Mode Range 


0 


V,n-3 

0 


V,n-3 

V 

Delay to Outputs 

Tj = 25°C, (Note 2) 


200 

500 


200 

500 

ns 

Current Limit Adjust Section | 

Current Limit Offset 

Vpin 3 = OV, 

Vpin 4 = OV, Pin 7 Open (Note 3) 

0.45 

0.5 

0.55 

0.45 

0.5 

0.55 

V 

Input Bias Current 

Vpin 5 = Vref, Vpin 6 = OV 


-10 

-30 


-10 

-30 

aA 

Shutdown Terminal Section | 

Threshold Voltage 


250 

350 

400 

250 

350 

400 

mV 

Input Voltage Range 


0 


V,N 

0 


V,N 

V 

Minimum Latching 

Current (Ipm 1 ) 

(Note 6) 

3.0 

1.5 


3.0 

1.5 


mA 

Maximum Non-Latching 
Current (Ipm 1 ) 

(Note 7) 


1.5 

0.8 


1.5 

0.8 

mA 

Delay to Outputs 

Tj = 25°C (Note 2) 


300 

600 


300 

600 

ns 

Output Section | 

Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

Vc = 40V (Note 5) 



200 



200 

aA 

Output Low Level 

IsiNK = 20mA 


0.1 

0.4 


0.1 

0.4 

V 

IsiNK = 100mA 


0.4 

2.1 


0.4 

2.1 

Output High Level 

IsouRCE = 20mA 

13 

13.5 


13 

13.5 


V 

IsOURCE “ 100mA 

12 

13.5 


12 

13.5 


Rise Time 

Cu= InF, 71 = 25^0 (Note 2) 


50 

300 


50 

300 

ns 

Fall Time 

Cl = InF, Tj = 25°C (Note 2) 


50 

300 


50 

300 

ns 

Under-Voltage Lockout Section | 

Start-Up Threshold 



7.7 

8.0 


7.7 

8.0 

V 

Threshold Hysteresis 



0.75 



0.75 



Total Standby Current | 

Supply Current 


17 

21 1 1 17 

< 

E 

CM 


Notes: 

2. These parameters, although guaranteed over the recommended 
operating conditions, are not 100% tested in production. 

3. Parameter measured at trip point of latch with Vpin s = Vref, Vpin e = OV 

4. Amplifier gain defined as; AVpin 

G = — — : AVpin 4 = 0 to l.OV 

AVpin 4 
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5. Applies to UC1846/UC2846/UC3846 only due to polarity of outputs. 

6. Current into Pin 1 guaranteed to latch circuit in shutdown state. 

7. Current into Pin 1 guaranteed not to latch circuit in shutdown state. 



APPLICATIONS DATA 
Oscillator Circuit 


UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 



SAWTOOTH 

(PINS) 




6 SYNC OUTPUT DEADTIME {u) 

Output'deadtime is determined by the external capacitor, Cj, according to the formula: Td (/iS) = 145Ct (Aff) 

For large values of Rt; 7d (a/s) 145Ct (a/O ^ 

2.2 

Oscillator frequency is approximated by the formula: fj (kHz) ==« 


Error Amp Output Configuration 


2.2 \ 

Rt (kQ) Ct (A/f) 

Error Amp Gain and Phase vs Frequency 


12 - 3.6 

Rt (kn)^ 




100 Ik 10k 100k IM 

FREQUENCY (Hz) 


Error Amp Open-Loop D.C. Gain vs Load Resistance 



0 10 20 30 40 50 60 70 80 90 100 

OUTPUT LOAD RESISTANCE, Rl (K-OHMS) 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Parallel Operation 



Pulse by Pulse Current Limiting 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Soft Start and Shutdown/Restart Functions 




luirm ULiiR, 

^<0.amA 




>3mA (LATCHED OFF) 


If < 0.8mA, the shutdown latch will commutate 

Ri 

when Iss = 0.8mA and a restart cycle will be initiated. 


Vref 

If ' > 3mA, the device will latch off 

Ri 

until power is recycled. 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Current Sense Amp Connections 



Single Ended Boost Configuration 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Buck Converter with Current Sense Winding 



Push/Pull Converter with Slope Compensation 
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LINEAR INTEGRATED CIRCUITS 

Resonant Mode Power Supply Controller ucsseo 


FEATURES 

• Variable Oscillator from 1 kHz to 3 
MHz 

• 2 MHz Error Amplifier with Controlled 
Output Swing 

• Programmable One Shot Timer— 300 
ns 

• Precision 5V Reference — 1 % 

• Dual Output Stage — 2A Peak 

• Programmable Under Voltage Lockout 

• Programmable Dual or Single Output 
Mode 

• Programmable Restart Delay/Fault 
Latch 

• Uncommitted Open Collector 
Comparator 


ADVANCED PRODUCT INFORMATION 

DESCRIPTION 

The UC1 860 family of control ICs is specifically intended for resonant mode power 
supply control applications. The control philosophy employed is fixed on-time, variable 
frequency. The fundamental control blocks include a reference and a wide band, high 
gain error amplifier which controls a variable frequency oscillator up to 3 MHz. The 
error amplifier controls oscillator frequency via a resistor into the lose Pin which is 2 
diodes above ground. The error amplifier Is clamped so that its output swing is limited 
from 2 diodes above ground to 2V plus 2 diodes, thus allowing minimum and 
maximum frequencies to be programmed. A temperature stable one shot timer, 
triggered by the oscillator, generates pulses as low as 300 ns defining on-time for the 
output drivers. Each output is capable of driving transient currents up to 2A making 
them Ideal for power MOSFET gates. The mode of the toggle flip-flop is 
programmable for alternate or unison operation of the outputs. 

Additional blocks reside in the chip to facilitate more control capability. An 
uncommitted open collector comparator can be used to shorten the on-time pulse 
during start-up or under low load conditions. A fast comparator with a common mode 
range from -0.3 to +3V is available to sense over current fault conditions. The chip 
is versatile in fault disposition with several soft start and restart delay options. The 
restart delay pin can be used to permanently shut the supply down after a fault, 
restart after a delay, or restart immediately after the fault indication has been 
removed. A programmable under voltage lockout rounds out the chip. It allows off line 
operation with a 1 6V start threshold and 6V of Vec hysteresis or operation directly 
from a DC supply from 5 to 20V. The UVLO Mode pin can also be used as a port for 
gating the entire supply on and off. During under voltage lockout, the output stages 
are actively driven low, and supply current is kept to a minimum. 
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LINEAR INTEGRATED CIRCUITS 

Isolated Feedback Generator 


UC1901 

UC2901 

UC3901 


FEATURES 

• An amplitude-modulation system for 
transformer coupling an isolated 
feedback error signal 

• Low-cost alternative to optical couplers 

• Internal 1% reference and error 
amplifier 

• Internal carrier oscillator usable to 
5MHz 

• Modulator synchronizable to an external 
clock 

• Loop status monitor 


DESCRIPTION 

The LIC1901 family Is designed to solve many of the problems associated with closing a 
feedback control loop across a voltage isolation boundary. As a stable and reliable 
alternative to an optical coupler, these devices feature an amplitude modulation system 
which allows a loop error signal to be coupled with a small RF transformer or capacitor. 

The programmable, high-frequency oscillator within the UC1901 series permits the use 
of smaller, less expensive transformers which can readily be built to meet the isolation 
requirements of today’s line-operated power systems. As an alternative to RF operation, 
the external clock input to these devices allows, synchronization to a system clock or to 
the switching frequency of a SMPS. 

An additional feature is a status monitoring circuit which provides an active-low output 
when the sensed error voltage is within ±10% of the reference. 

Since these devices can also be used as a DC driver for optical couplers, the benefits of 
4.5 to 40V supply operation, a 1% accurate reference,, and a high gain general purpose 
amplifier offer advantages even though an AC system may not be desired. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Supply Voltage, Vm 40V 

Reference Output Current -10mA 

Driver Output Currents -35mA 

Status Indicator Voltage 40V 

Status Indicator Current 20mA 

Ext. Clock Input 40V 

Error Amplifier Inputs -0.5V to +35V 

Power Dissipation at Ta = 25°C 

Derate at 10mW/®C above Ta = 50°C lOOOmW 

Power Dissipation at Tc = 25®C 

Derate at 16mW/®C above Ta = 25‘’C 2000mW 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature -55®C to +150°C 

Storage Temperature -65®C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300®C 

Note 1: Voltages are referenced to ground, Pin 7. 


Currents are positive into, negative out of the specified terminal. 

UC1901 SIMPLIFIED SCHEMATIC 


CONNECTION DIAGRAM 


DIL<14 (TOP VIEW) 

J or N PACKAGE 


c.E 
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EXT. CLOCK [T 


STATUS 
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UC1901 

UC2901 

UC3901 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1901; 

-25°C to +85°C for the UC2901; and 0®C to +70“C for the UC3901: Vin = lOV, Rt = lOkO, 

Ct = 820pF) 


PARAMETER 

TEST CONDITIONS 

UC1901/UC2901 

UC3901 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 1 TYP. 1 MAX. 

Reference Section | 

Output Voltage 

Tj = 25°C 

1.485 

1.5 

1.515 

1.47 

1.5 

1.53 

V 

Tmin ^ Tj < Tmax 

1.470 

1.5 

1.530 

1.455 

1.5 

1.545 

Line Regulation 

Vin = 4.5 to 35V 


2 

10 


2 

15 

mV 

Load Regulation 

louT = 0 to 5mA 


4 

10 


4 

15 

mV 

Short Circuit Current 

Tj = 25°C 


-35 

-55 


-35 

-55 

mA 

Error Amplifier Section (To Compensation Terminal) | 

Input Offset Voltage 

VcM = 1.5V 


1 

4 


1 

8 

mV 

Input Bias Current 

< 

o 

II 

cn 

< 


-1 

-3 


-1 

-6 


Input Offset Current 

VcM = 1.5V 


0.1 

1 


0.1 

2 

//A 

Small Signal Open Loop Gain 


40 

60 


40 

60 


dB 

CMRR 

VcM = 0.5 to 7.5V 

60 

80 


60 

80 


dB 

PSRR 

Vin = 5 to 25V 

80 

100 


80 

100 


dB 

Output Swing, A Vo 


0.4 

0.7 


0.4 

0.7 


V 

Maximum Sink Current 


90 

150 


90 

150 


M 

Maximum Source Current 


-2 

-3 


-2 

-3 


mA 

Gain Band Width Product 



1 



1 


• MHz 

Slew Rate 



0.3 



0.3 


y/fjs 

Modulator/Drivers Section (From Compensation Terminal) | 

Voltage Gain 


11 

12 

13 

10 

12 

14 

dB 

Output Swing 


±1.6 

±2.8 


±1.6 

±2.8 


V 

Driver Sink Current 


500 

700 


500 

700 



Driver Source Current 


-15 

-35 


-15 

-35 


mA 

Gain Band Width Product 



25 



25 


MHz 

Oscillator Section | 

Initial Accuracy 

Tj = 25^*0 

140 

150 

160 

130 

150 

170 

kHz 

Tmin ^ Tj < Tmax 

130 


170 

120 


180 

kHz 

Line Sensitivity 

Vin = 5 to 35V 


.15 

.35 


.15 

.60 

%/V 

Maximum Frequency 

Rt = lOK, Ct = lOpF 


5 



5 


MHz 

Ext. Clock Low Threshold 

Pin 1 (Ct) = Vin 

0.5 



0.5 



V 

Ext. Clock High Threshold 

Pin 1 (Ct) = Vin 



1.6 



1.6 

V 

1 Status Indicator Section | 

Input Voltage Window 

@ E/A Inputs, VcM = 1.5V 

±135 

±150 

±165 

±130 

±150 

±170 

mV 

Saturation Voltage 

E/A A Input = OV, Isink = 1.6mA 



0.45 



0.45 

V 

Max. Output Current 

Pin 13 = 3V, E/A A Input = O.OV 

8 

15 


8 

15 


mA 

Leakage Current 

Pin 13 = 40V, E/A A Input = 0.2V 


.05 

1 


.05 

5 


Supply Current 

Vin = 35V 


5 

8 


5 

10 

mA 
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UC1901 

UC2901 

UC3901 


Transformer Coupled Open Loop Transfer Function 



Transformer Data: 


N1 = N2 = 20T AWG 26 

Core = Ferroxcube 3E2A Ferrite. 0.5" O.D. toroid 
Carrier Frequency = IMHz 


Oscillator Frequency 



105 104 103 102 10 1 


Typical Driver Output Swing 
vs Temperature 



Ct value - PICOFARADS 


TEMPERATURE - (°C) 


APPLICATION INFORMATION 

The error amplifier compensation terminal, Pin 12, is intended as 
a source of feedback to the amplifier’s inverting input at Pin 11. 
For most applications, a series DC blocking capacitor should be 
part of the feedback network. The amplifier is internally com- 
pensated for unity feedback. 

The waveform at the driver outputs is a squarewave with an 
amplitude that is proportional to the error amplifier input signal. 
There is a fixed 12dB of gain from the error amplifier com- 
pensation pin to the modulator driver outputs. The frequency 
of the output waveform is controlled by either the internal 
oscillator or an external clock signal. With the internal oscillator 


the squarewave will have a fixed 50% duty cycle. If the internal 
oscillator is disabled by connecting Pin 1, Ct, to Vin then the 
frequency and duty cycle of the output will be determined by the 
input clock waveform at Pin 2. If the oscillator remains disabled 
and there is no clock input at Pin 2, there will be a linear 12dB of 
signal gain to one or the other of the driver outputs depending on 
the DC state of Pin 2. 

The driver outputs are emitter followers which will source a 
minimum of 15mA of current. The sink current, internally limited 
at 700)uA, can be increased by adding resistors to ground at the 
driver outputs. 
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UC1901 

UC2901 

UC3901 


TYPICAL APPLICATIONS 


R.F. Transformer Coupled Feedback 



Feedback Coupled at Switching Frequency 



Optically Coupled DC Feedback 



r 
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LINEAR INTEGRATED CIRCUITS 

Quad Supply and Line Monitor 


UC1903 

UC2903 

UC3903 


FEATURES 

• Inputs for monitoring up to four 
separate supply voltage levels 

• Internal inverter for sensing a negative 
supply voltage 

• Line/switcher sense input for early 
power source failure warning 

• Programmable under- and over-voltage 
fault thresholds with proportional 
hysteresis 

• A precision 2.5V reference 

• General purpose op-amp for 
auxiliary use 

• Three high current, >30mA, open- 
collector outputs indicate over-voltage, 
under-voltage and power OK conditions 

• Input supply under-voltage sensing and 
start-latch eliminate erroneous fault 
alerts during start-up 

• 8-40V supply operation with 7mA stand- 
by current 


DESCRIPTION 

The UC1903 family of quad supply and line monitor integrated circuits will respond to 
under- and over-voltage conditions on up to four continuously monitored voltage levels. 
An internal op-amp inverter allows at least one of these levels to be negative. A separate 
line/ switcher sense Input is available to provide early warning of line or other power 
source failures. 

The fault window adjustment circuit on these devices provides easy programming of 
under- and over-voltage thresholds. The thresholds, centered around a precision 2.5V 
reference, have an input hysteresis that scales with the window width for precise, glitch- 
free operation. A reference output pin allows the sense input fault windows to be scaled 
independently using simple resistive dividers. 

The three open collector outputs on these devices will sink in excess of 30mA of load 
current when active. The under- and over-voltage outputs respond after separate, user 
defined, delays to respective fault conditions. The third output is active during any fault 
condition including under- and over-voltage, line/switcher faults, and input supply 
under-voltage. The off state of this output indicates a “power OK” situation. 

An additional, uncommitted, general purpose op-amp is also included. This op-amp, 
capable of sourcing 20mA of output current, can be used for a number of auxiliary 
functions including the sensing and amplification of a feedback error signal when the 
2.5V output is used as a system reference. 

In addition, these ICs are equipped with a start-latch to prevent erroneous under-voltage 
indications during start-up. These parts operate over an 8-40V input supply range and 
require a typical stand-by current of only 6mA. 


BLOCK DIAGRAM 





UC1903 

UC2903 

UC3903 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (+Vin) +40V 

Open Collector Output Voltages +40V 

Open Collector Output Currents 50mA 

Sense 1-4 Input Voltages -0.3V to +20V 

Line/Switcher Sense Input Voltage -0.3V to +40V 

Op-Amp and Inverter Input Voltages -0.3V to +40V 

Op-Amp and Inverter Output Currents -40mA 

Window Adjust Voltage O.OV to +10V 

Delay Pin Voltages O.OV to +5V 

Reference Output Current -40mA 

Power Dissipation at Ta = 25“ C 1000m W 

Derate at 10mW/“C above Ta = 25“C 

Power Dissipation at Tc = 25“C 2000mW 

Derate at 16mW/“C above Tc = 25“C 

Thermal Resistance, Junction to Ambient 100“C/W 

Thermal Resistance, Junction to Case 60“C/W 

Operating Junction Temperature -55®C to +150“C 

Storage Temperature -65“C to +150“C 

Lead Temperature (Soldering, 10 Seconds) 300“C 


Note: 1. Voltages are referenced to ground (Pin 3). Currents are positive into, negative out of, the 
specified terminals. 


CONNECTION DIAGRAM 


DIL-18 (Top View) 

J or N Package 


+v,N (T 


G.P. 
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m Of?AMP OUT 

WINDOW (T 
ADJUST 
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SENSE 

SENSE 4 rr 
INVERT INPUT Ll 


n] POWER OK 

SENSE 4 IT 


l3] UV DELAY 

SENSE 3 [T 


12J UV FAULT 

SENSE 2 (Tj 


11] OV FAULT 
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1^ OV DELAY 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55“Cto+125®CfortheUCl.903;-25“Cto 
+85“Cforthe UC2903: and 0°Cto+70“Cforthe UC3903;+V,n= 15V; Sense Inputs [(Pins 6-9 and Pin 15) 
= 2.5V; Vp,N 4 = l.OV.) 


PARAMETER 

TEST CONDITIONS 

UC1903/UC2903 

UC3903 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Supply 1 

Input Supply Current 

No Faults 

— 

7 

9 

— 

7 


mA 

UV, OV and Line Fault 

— 

10 

15 

— 

10 

18 

mA 

Supply Under 

Voltage Threshold (Vsuv) 

Fault Outputs Enabled 

6.0 

7.0 

7.5 

5.5 

7.0 

8.0 

V 

Minimum Supply to 

Enable Power OK Output 


- 

3.0 

4.0 

- 

3.0 

4.0 

V 

Reference | 

Output Voltage (Vref) 

Tj = 25“C 

2.485 

2.5 

2.515 

2.470 

2.5 

2.530 

V 

Over Temperature 

2.465 

- 

2.535 

2.465 

- 

2.535 

V 

Load Regulation 

II = 0 to 10mA 

- 

1 

110 

- 

1 

15 

mV 

Line Regulation 

+V,N = 8 to 40V 

- 

1 

4 

— 

1 

8 

mV 

Short Circuit Current 

Ti = 25“C 

- 

40 

- 

- 

40 

- 

mA 

Fault Thresholds 

OV Threshold Adj. 

Offset from Vref as a function of Vpin 4 
Input = Low to High, 

.5V < Vp,N 4 < 2.5V 

.230 

.25 

.270 

.230 

.25 

.270 

M/M 

UV Threshold Adj. 

Offset from Vref as a function of Vpin 4 
Input = High to Low, 

.5V < Vp,N 4 < 2.5V 

-.270 

-.25 

-.230 

-.270 

-.25 

-.230 

M/M 

OV & UV Threshold Hyst. 

.5V < Vp,N 4 < 2.5V 

10 

20 

30 

10 

20 

30 

mV/V 

OV & UV Threshold 

Supply Sensitivity 

+V,N = Vsuv +0.1Vto40V 

- 

.002 

.01 

- 

.002 

.02 

%/M 

Adjust Pin (Pin 4) 

Input Bias Current 

.5V < Vp,N 4 < 2.5V 

- 

±1 

±10 

- 

±1 

±12 

fjiA/M 

Line Sense Threshold 

Input = High to Low 

1.94 

2.0 

2.06 

1.9 

2.0 

2.1 

V 

Line Sense Threshold Hyst. 


125 

175 

225 

100 

175 

250 

mV 
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UC1903 

UC2903 

UC3903 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to + 125®C for the UC1903;-25®C to 
+85®Cforthe UC2903: and 0®C to +70^0 for the LJC3903; +Vin = 15V; Sense Inputs (Pins 6-9 and Pin 15) 
= 2.5V: Vp,N 4 = l.OV.) 


PARAMETER 

TEST CONDITIONS 

UC1903/UC2903 

UC3903 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Sense Inputs | 

Sense 1-4 

Input Bias Current 

Input = 2.8V (Note 2) 

- 

1 

3 

- 

1 

6 

//A 

Input = 2.2V (Note 2) 

— 

-1 

-3 

- 

-1 

-6 

tik 

Line Sense Input 

Bias Current 

Input = 2.3V (Note 2) 

- 

1 

3 

- 

1 

6 

Ilk 

OV and UV Fault Delay | 

Charging Current 


— 

60 

- 

- 

60 

- 

fik 

Threshold Voltage 

Delay Pin = Low to High 

- 

1.8 

_ 


1.8 

- 

V 

Threshold Hysteresis 

Tj = 25‘’C 

- 

250 

— 


250 

- 

mV 

Delay 

Ratio of Threshold Voltage 
to Charging Current 

20 

30 

50 

20 

30 

50 

ms//iF 

Fault Outputs (OV, UV, & Power OK) | 

Maximum Current 

Vour = 2V 

30 

70 

- 

30 

70 

- 

mA 

Saturation Voltage 

louT “ 12mA 

- 

.25 

.40 

- 

.25 

.40 

V 

Leakage Current 

VouT = 40V 

— 

3 

25 

- 

3 

25 

aA 

Sense 4 Inverter | 

Input Offset Voltage 


— 

2 

8 

- 

2 

10 

mV 

Input Bias Current 


— 

.1 

2 

- 

.1 

4 

M 

Open Loop Gain 


65 

80 

- 

65 

80 

— 

dB 

PSRR 

+V,N = 8 to 40V 

65 

100 

- 

65 

100 

— 

dB 

Unity Gain Frequency 


- 

1 

- 

- 

1 

- 

MHz 

Slew Rate 


— 

.4 

- 

- 

.4 

- 

V///S 

Short Circuit Current 

Tj = 25^0 

— 

40 

— 

- 

40 

- 

mA 

G.P. Op-Amp 1 

Input Offset Voltage 


— 

1 

5 

- 

1 

8 

mV 

Input Bias Current 


— 

.1 

2 

- 

.1 

4 

nk 

Input Offset Current 


— 

.01 

.5 

' - 

.01 

1.0 

fjk 

Open Loop Gain 


65 

120 

- 

65 

120 

— 

dB 

CMRR 

VcM = 0to+V,N -2.0V 

65 

100 

— 

65 

100 

- 

dB 

PSRR 

+V,N = 8 to 40V 

65 

100 

- 

65 

100 

- 

dB 

Unity Gain Frequency 


— 

1 

- 

- 

1 

- 

MHz 

Slew Rate 


— 

.4 


- 

.4 

- 

\J/flS 

Short Circuit Current 

Ti = 25"C 

- 

40 

- 

- 

40 

- 

mA 


Note: 2. These currents represent maximum input bias currents required as the sense inputs cross appropriate thresholds. 
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UC1903 

UC2903 

UC3903 



JUNCTION TEMPERATURE - °C 


JUNCTION TEMPERATURE - °C 


OPERATION AND APPLICATION INFORMATION 


UC1903 



1 


Figure 1. The UC1903 fault window circuitry generates OV and UV thresholds centered around the 2.5V reference. Window magnitude 
and threshold hysteresis are proportional to the window adjust input voltage at Pin 4. 
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UC1903 

UC2903 

UC3903 


OPERATION AND APPLICATION INFORMATION (continued) 


Setting a Fault Window 

The fault thresholds on the UC1903 are generated by creating 
positive and negative offsets, equal in magnitude, that are 
referenced to the chip’s 2.5V reference. The resulting fault 
window is centered around 2.5V and has a magnitude equal to 
that of the applied offsets. Simplified schematics of the fault 
window and reference circuits are shown in Figure 1 (see previous 
page). The magnitude of the offsets is determined by the voltage 
applied at the window adjust pin, Pin 4. A bias cancellation circuit 
keeps the input current required at Pin 4 low.allowingthe use of a 
simple resistive divider off the reference to set the adjust pin 
voltage. 


The adjust voltage at Pin 4 is internally applied across R 4 , an 8 K 
resistor. The resulting current is mirrored four times to generate 
current sources Ioa, Iob, Ioc, and loo, all equal in magnitude. When 
all four of the sense inputs are inside the fault window, a no-fault 
condition, Q 4 and Qs are turned on. In combination with Di and D 2 
this prevents Iob and lopfrom affecting the fault thresholds. In this 
case, the OV and UV thresholds are equal to Vref + Ioa(R 5 + Re) and 
Vref - locCR? + Rb) respectively. The fault window can be 
expressed as: 


( 1 ) 


2.5V ±- 


VaDJ 


In terms of a sensed nominal voltage level, Vs, the window as a 
percent variation is: 

(2) Vs ± (10 • Vadj)% 

When a sense input moves outside the fault window given in 
equation ( 1 ), the appropriate hysteresis control signal turns off Q 4 
or Qs. For the under-voltage case, Qs is disabled and current 
source Iob flows through Dz. The net current through R7 becomes 
zero as Iob cancels Ioc, giving an 8% reduction in the UVthreshold 
offset. The over-voltage case is the same, with Q 4 turning off, 
allowing loo to cancel the currerit flow, Ioa, through Re. The result 
is a hysteresis at the sense inputs which is always 8 % of the 
window magnitude. This is shown graphically in Figure 2. 



25 

20 

15 z 



-20 

-25 


0 .5 1.0 1.5 2.0 2.5 

WINDOW ADJUST VOLTAGE (Vadj) AT PIN 4 


Figure 2. The fault window and threshold hysteresis scale as 
a function of the voltage applied at Pin 4, the window 
adjust pin. 


Fault Windows Can be Scaled Independently 

In many applications, it may be desirable to monitor various 
supply voltages, or voltage levels, with varying fault windows. 
Using the reference output and external resistive dividers this Is 
easily accomplished with the UC1903. Figures 3 and 4 illustrate 
how the fault window at any sense input can be scaled 
independently of the remaining inputs. 


MONITORED 
SUPPLY VOLTAGE 



Figure 3. Using the reference output and a resistive divider, a 
sense input with an independently wider fault window 
can be generated. 



Figure 4. The general purpose op-amp on the UC1903 can be 
used to create a sense input with an independently 
tighter fault window. 


Figure 4 demonstrates one of many auxiliary functions that the 
uncommitted op-amp on the UC1903 can be used for. 
Alternatively, this op-amp can be used to buffer high impedence 
points, perform logic functions, or for sensing and amplification. 
For example, the G.P. op-amp, combined with the 2.5V reference, 
can be used to produce and buffer an optically coupled feedback 
signal in isolated supplies with primary side control. The output 
stage of this op-amp is detailed in Figure 5. The NPN emitter 
follower provides high source current capability, >20mA, while 
the substrate device, Qa, provides good transient sinking 
capability. 
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OPERATION AND APPLICATION INFORMATION (continued) 



Figure 5. The G.P. op-amp on the UC1903 has a high source 
current (> 20 mA) capability and enhanced transient 
sinking capability through substrate device Q 3 . 


Using The Line/Switcher Sense Output 

The line switcher sense input to the UC1903 can be used for early 
detection of line, switcher, or other power source, failures. 
Internally referenced to 2,0V, the line sense comparator will 
cause the POWER OK output to indicate a fault (active low) 
condition when the LINE/SWITCHER SENSE input goes from 
above to below 2.0V. The line sense comparator has 
approximately 175mV of hysteresis requiring the line/switcher 
input to reach 2.175V before the POWER OK output device can be 
turned-off, allowing a no-fault indication. In Figure 7 an example 
showing the use of the LINE/SWITCHER SENSE input for early 
switcher-fault detection is detailed. A sample signal is taken from 



Figure 7. The line/switcher sense input can be used for an 
early line or switcher fault indication. 


Sensing a Negative Voltage Level 

The UC1903 has a dedicated inverter coupled to the sense 4 
input. With this inverter, a negative voltage level can be sensed as 
shown in Figure 6. The output of this inverter is an unbiased 
emitter follower. Bytyingthe inverting input. Pin 5, high the output 
emitter follower will be reverse biased, leavingthe sense 4 input in 
a high impedence state. In this manner, the sense 4 input can be 
used, as the remaining sense inputs would be, for sensing positive 
voltage levels. 



Figure 6 . Inverting the sense 4 input for monitoring a negative 
supply is accommodated with the dedicated inverter. 


the output of the power transformer, rectified and filtered, and 
used at the line/ switcher input. By adjusting the R 2 C time 
constant with respect to the switching frequency of the supply and 
the hold up time of the output capacitor, switcher faults can be 
detected before supply outputs are significantly affected. 

OV and UV Comparators Maintain Accurate Thresholds 

The structure of the OV and UV comparators, shown in Figure 8 
results in accurate fault thresholds even in the case where 
multiple sense inputs cross a fault threshold simultaneously. 
Unused sense inputs can be tied either to the 2.5V reference, or to 
another, utilized, sense input. The four under- and over-voltage 
sense inputs on the UC1903 are clamped as detailed on the Sense 
1 Input in Figure 8. The series 2K resistor, Ri, and zener diode, Zi, 
prevent extreme under- and over-voltage conditions from 
Inverting the outputs of the fault comparators. A parasitic diode, 
Di, Is present at the inputs as well. Under normal operation it is 
advisable to insure that voltage levels at all of the sense inputs 
stay above -0.3V. The same type of input protection exists at the 
line sense input. Pin 15, except a 5K series resistor is used. 

The fault delay circuitry on the UC1903 is also shown in Figure 8. 
In the case of an over-voltage condition at one of the sense inputs 
Q 20 is turned off, allowing the internal 60/vA current source to 
charge the user-selected delay capacitor. When the capacitor 
voltage reaches 1.8V, the OV and POWER OK outputs become 
active low. When the fault condition goes away Q 20 is turned back 
on, rapidly discharging the delay capacitor. Operation of the 
under-voltage delay is, with appropriate substitutions, the same. 
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UC2903 

UC3903 

OPERATION AND APPLICATION INFORMATION (continued) 



Figure 8. The OV and UV comparators on the UC1903 trigger respective fault delay circuits when one or more of the sense inputs 
move outside the fault window. Input clamps insure proper operation under extreme fault conditions. 


Start Latch and Supply Under-Voltage Sense Allow Predictable 
Power-Up 

The supply under-voltage sense and start-latch circuitry on the 
UC1903 prevents fault indications during start-up or low input 
supply (+Vin) conditions. When the input_supplyjyoltage is below 
the supply under-voltage threshold the OV and UV fault outputs 
are disabled and the POWER OK output is active low. The POWER 
OK output will remain active until the input supply drops below 
approximately 3.0V. With +Vin below this level, all of the open 
collector outputs will be off. 


When the input supply is low, the under-voltage sense circuitry 
resets the start-latch. With the start-latch* reset, the UV fault 
output will remain disabled until the input supply rises to its 
normal operating level (8-40V), and all of the sense inputs are 
above the under-voltage threshold. This allows slow starting, or 
supply sequencing, without an artificial under-voltage fault 
indication. Once the latch is set, the UV faultoutputwill respond if 
any of the sense inputs drop below the under-voltage threshold. 
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LINEAR INTEGRATED CIRCUITS 

Sealed Lead-Acid Battery Charger 


UC2906 

UC3906 


FEATURES 

• Optimum control for maximum battery 
capacity and life 

• Internal state logic provides three 
charge states 

« Precision reference tracks battery 
requirements over temperature 

• Controls both voltage and current at 
charger output 

• System interface functions 

• Typical standby supply current of only 
1.6mA 


UC2906 BLOCK DIAGRAM 


DESCRIPTION 

The UC2906 series of battery charger controllers contains all of the necessary circuitry 
to optimally control the charge and hold cycle for sealed lead-acid batteries. These 
integrated circuits monitor and control both the output voltage and current of the 
charger through three separate charge states; a high current bulk-charge state, a 
controlled over-charge, and a precision float-charge, or standby, state. 

Optimum charging conditions are maintained over an extended temperature range with 
an internal reference that tracks the nominal temperature characteristics of the lead- 
acid cell. A typical standby supply current requirement of only 1.6mA allows these ICs 
to predictably monitor ambient temperatures. 

Separate voltage loop and current limit amplifiers regulate the output voltage and 
current levels in the charger by control ling the onboard driver. The driver will supply up 
to 25mA of base drive to an external pass device. Voltage and current sense 
comparators are used to sense the battery condition and respond with logic inputs to 
the charge state logic. A charge enable comparator with a trickle bias output can be 
used to implement a low current turn-on mode of the charger, preventing high current 
charging during abnormal conditions such as a shorted battery cell. 

Other features include a supply under-voltage sense circuit with a logic output to indicate 
when input power is present. In addition the over-charge state of the charger can be 
externally monitored and terminated using the over-charge indicate output and over-charge 
terminate input. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (+Vin) 40V 

Open Collector Output Voltages 40V 

Amplifier and Comparator Input Voltages -0.3V to +40V 

Over-Charge Terminate Input Voltage -0.3V to +40V 

Current Sense Amplifier Output Current 40mA 

Other Open Collector Output Currents 5mA 

Trickle Bias Output Current -40mA 

Driver Current 40mA 

Power Dissipation at Ta = 25°C 

Derate at 10mW/®C Above Ta = 25®C lOOOmW 

Power Dissipation at Tc = 25°C 

Derate at IGmW/^C Above Tc = 25'’C 2000mW 

Thermal Resistance, Junction-to-Ambient 100°C/W 

Thermal Resistance, Junction-to-Case 60®C/W 

Operating Junction Temperature -55®C to +150®C 

Storage Temperature -65® to +150®C 

Lead Temperature (Soldering, 10 Seconds) 300®C 


Note: 1. Voltages are referenced to ground (Pin 6). 

Currents are positive into, negative out of, the specified terminals. 


UC2906 

UC3906 


CONNECTION DIAGRAM 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40®C to +70®C for the UC2906 and 0®C 
to +70®C for the UC3906, +Vin = lOV.) 


PARAMETER 

TEST CONDITIONS 

2906 

3906 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input Supply 1 

Supply Current 

> 

0 

1 
> 
•f 


1.6 

2.5 


1.6 

2.5 

mA 

+ViN = 40V 


1.8 

2.7 


1.8 

2.7 

mA 

Supply Under- 
Voltage Threshold 

+ViN = Low to High 

4.2 

4.5 

4.8 

4.2 

4.5 

4.8 

V 

Supply Under- 
Voltage Hysteresis 



.20 

.30 


.20 

.30 

V 

Internal Reference (Vref) 1 

Voltage Level (Note 2) 

Measured as Regulating Level 

At Pin 13 w/ Driver Current 
= 1mA, Tj = 25®C 

2.275 

2.3 

2.325 

2.270 

2.3 

2.330 

V 

Line Regulation 

+ViN = 5 to 40V 


3 

8 


3 

8 

mV 

Temperature Coefficient 



-3.9 



-3.9 


mV/®C 

Voltage Amplifier | 

Input Bias Current 

Total Input Bias 
at Regulating Level 

-.5 

-.2 


-.5 

-.2 



Maximum Output Current 

Source 

-45 

-30 

-15 

-45 

-30 

-15 

aA 

Sink 

30 

60 

90 

30 

60 

90 

M 

Open Loop Gain 

Driver Current = 1mA 

50 

65 


50 

65 


dB 

Output Voltage Swing 

Volts Above GND or Below +Vin 


■2 



.2 


V 

Driver | 

Minimum Supply to 

Source Differential 

Pin 16 = +ViN, lo = 10mA 


2.0 

2.2 


2.0 

2.2 

V 

Maximum Output Current 

Pin 16 to Pin 15 = 2V 

25 

40 

— 

25 

40 


mA 

Saturation Voltage 

Driver Current = 10mA 


.2 

.45 


.2 

.45 

V 

1 Current Limit Amplifier | 

Input Bias Current 



.2 

1.0 


.2 

1.0 

//A 

Threshold Voltage 

Offset Below +Vin 

225 

250 

275 

225 

250 

275 

mV 

Threshold Supply Sensitivity 

+ViN = 5 to 40V 


.03 

.25 


.03 

.25 

%/V 


Note: 2. The reference voltage will change as a function of power dissipation on the die according to the temperature coefficient of the reference and 
the thermal resistance, junction-to-ambient. 
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UC3906 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40‘’C to +70®C for the UC2906 and 0°C 
to +70°C for the UC3906, +Vin = lOV.) 


PARAMETER 

TEST CONDITIONS 

2906 

3906 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Voltage Sense Comparator | 

Threshold Voltage 

As a Function 

Li = RESET 

.945 

.95 

.955 

.945 

.95 

.955 

v/v 

of Vref 

Li = SET 

.895 

.90 

.905 

.895 

.90 

.905 

v/v 

Input Bias Current 

Total Input Bias at Thresholds 

-.5 

-.2 


-.5 

-.2 



Current Sense Comparator | 

Input Bias Current 



.1 

.5 


.1 

.5 

a/A 

Input Offset Current 



.01 

.2 


.01 

.2 

//A 

Input Offset Voltage 

Referenced to Pin 2, Iout = 1mA 

20 

25 

30 

20 

25 

30 

mV 

Offset Supply Sensitivity 

+ViN = 5 to 40V 


.05 

.35 


.05 

.35 

%/M 

Offset Common Mode 

Sensitivity 

CMV = 2V to +ViN 


.05 

.35 


.05 

.35 

%/M 

Maximum Output Current 

VouT = 2V 

25 

40 


25 

40 


mA 

Output Saturation Voltage 

louT = 10mA 


.2 

.45 


.2 

.45 

V 

Enable Comparator | 

Threshold Voltage 

As a Function of Vref 

.99 

1.0 

1.01 

.99 

1.0 

1.01 

V/V 

Input Bias Current 


-.5 

-.2 


-.5 

-.2 



Trickle Bias Maximum 

Output Current 

VouT = +VlN - 3V 

25 

40 


25 

40 


mA 

Trickle Bias Maximum 

Output Voltage 

Volts Below +ViN, Iout = 10mA 


2.0 

2.6 


2.0 

2.6 

V 

Trickle Bias Reverse 

Hold-Off Voltage 

+ViN = OV, Iout = -10//A 

6.3 

7.0 


6.3 

7.0 


V 

Over-Charge Terminate Input | 

Threshold Voltage 


.7 

1.0 

1.3 

.7 

1.0 

1.3 

V 

Internal Pull-Up Current 

At Threshold 

1 

10 



10 



Open Collector Outputs (Pins 7, 9 and 10) | 

Maximum Output Current 

VouT = 2V 

2.5 

5 


2.5 

5 


mA 

Saturation Voltage 

Iout = 1.6mA 


.25 

.45 


.25 

.45 

V 

Iout = 50//A 


.03 

.05 


.03 

.05 

V 

Leakage Current 

Vout = 40V 


1 

3 


1 

3 



Internal Reference Temperature 
Characteristic and Tolerance 



-40 -30 -20 -10 0 10 20 30 40 50 60 70 
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OPERATION AND APPLICATION INFORMATION 
Dual Level Float Charger Operation 

The UC2906 is shown configured as a dual level float charger in 
Figure 1. All high currents are handled by the external PNP pass 
transistor with the driver supplying base drive to this device. This 
scheme uses the TRICKLE BIAS output and the charge enable 
comparator to give the charger a low current turn-on mode. The 
output current of the charger is limited to a low level until the 
battery reaches a specified voltage, preventing high current 
charging if a battery cell is shorted. Figure 2 shows the state 
diagram of the charger. Upon turn-on the UV sense circuitry puts 
the charger in state 1, the high rate bulk-charge state. In this state, 
once the enable threshold has been exceeded, the charger will 
supply a peak current that is determined by the 250mV offset in 
the C/L amplifier and the sensing resistor Rs. 

To guarantee full re-charge of the battery, the charger’s voltage 
loop has an elevated regulating level, Voc, during state 1 and 


UC2906 

UC3906 

state 2. When the battery voltage reaches 95% of Voc, the charger 
enters the over-charge state, state 2. The charger stays in this 
state until the OVER-CHARGE TERMINATE pin goes high. In 
Figure 1, the charger uses the current sense amplifier to generate 
this signal by sensing when the charge current has tapered to a 
specified level, Ioct. Alternatively the over-charge could have 
been controlled by an external source, such as a timer, by using 
the OVER-CHARGE INDICATE signal at Pin 9. If a load is applied to 
the battery and begins to discharge it, the charger will contribute 
its full output to the load. If the battery drops 10% below the float 
level, the charger will reset itself to state 1. When the load is 
removed a full charge cycle will follow. A graphical representation 
of a charge, and discharge, cycle of the dual level float charger Is 
shown In Figure 3. 


Rs 



Figure 1. The UC2805 in s Dual Level Float Charger 
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CHARGER OUTPUT VOLTAGE 


OPERATION AND APPLICATION INFORMATION (continued) 


UC2906 

UC3906 


locT 


STATE 2 


'L 


STATE 3 


#1 

Tl* 


STATE 




- Voc 

- Vi2 

- Vf 
-V 31 


-Vt 


Imax 


STATE 1 
STATE 2 
STATE 3 


BULK CHARGE 
OVER CHARGE 
FLOAT CHARGE 


CHARGER OUTPUT CURRENT 


1. ) W =Vpef (1+r-^) Where: Rx= 

2. ) Voc=Vref (1+-^+^^) 

3. ) Vf = Vref ( 1 + ) 


4.) V 12 = .95 Voc 


5.) V 31 = .9 Vf 


o-) Imax = 


7.) loCT = 


8 .) It = 


Rs 

V|N - Vb - 2.5V 
Rt 


Figure 2. State Diagram and Design Equations For the Dual Level Float Charger 


INPUT 

SUPPLY VOLTAGE 


j 


CHARGE 

VOLTAGE 


CHARGE 

CURRENT 


STATE 

LEVEL 

OUTPUT 



OC OFF 

INDICATE 

OUTPUT ON 


STATE 2 — 4< — STATE 3 — *^STATE 1 


OC 

TERMINATE 
INPUT 
(C/S OUT) 

Explanation: Dual Level Float Charger 

A. Input power turns on, battery charges at trickle current 
rate. 

B. Battery voltage reaches Vt enabling the driver and turning 
off the trickle bias output, battery charges at Imax rate. 

C. T ransition voltage V 12 is reached and the charger indicates 
that it is now in the over-charge state, state 2 . 

D. Battery voltage approaches the over-charge level Voc and 
the charge current begins to taper. 


E. Charge current tapers to loci- The current sense amplifier 
output, in this case tied to the OC TERMINATE input, goes 
high. The charger changes to the float state and holds the 
battery voltage at Vf. 

F. Here a load (>Imax) begins to discharge the battery. 

G. The load discharges the battery such that the battery 
voltage falls below V31 . The charger is now in state 1 , again. 


INSTATE 1- 


Figure 3. Typical Charge Cycle: UC2906 Dual Level Float Charger 
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OPERATION AND APPLICATION INFORMATION (continued) 


Compensated Reference Matches Battery Requirements 

When the charger is in the float state, the battery will be main- 
tained at a precise float voltage, Vf. The accuracy of this float state 
will maximize the standby life of the battery while the bulk-charge 
and over-charge states guarantee rapid and full re-charge. All of 
the voltage thresholds on the UC2906 are derived from the 
internal reference. This reference has a temperature coefficient 
that tracks the temperature characteristic of the optimum charge 
and hold levels for sealed lead-acid cells. This further guarantees 
that proper charging occurs, even at temperature extremes. 

Dual Step Current Charger Operation 

Figures 4, 5 and 6 illustrate the UC2906’s use In a different 
charging scheme. The dual step current charger is useful when a 
large string of series cells must be charged. The holding-charge 
state maintains a slightly elevated voltage across the batteries 
with the holding current, Ih. This will tend to guarantee equal 
charge distribution between the cells. The bulk-charge state is 
similar to that of the float charger with the exception that when Vi 2 
is reached, no over-charge state occurs since Pin 8 is tied high at 
all times. The current sense amplifier is used to regulate the 
holding current. In some applications a series resistor, or external 
buffering transistor, may be required at the current sense output 
to prevent excessive power dissipation on the UC2906. 


UC2906 

UC3906 

A PNP Pass Device Reduces Minimum Input 
to Output Differential 

The configuration of the driver on the UC2906 allows a good bit of 
flexibility when interfacing to an external pass transistor. The two 
chargers shown in Figures 1 and 4 both use PNP pass devices, 
although an NPN device driven from the sourcp output of the 
UC2906 driver can also be used. In situations where the charger 
must operate with low input to output differentials the PNP pass 
device should be configured as shown in Figure 4. The PNP can be 
operated in a saturated mode with only the series diode and sense 
resistor adding to the minimum differential. The series diode, Dl, 
in many applications, can be eliminated. This diode prevents any 
discharging of the battery, except through the sensing divider, 
when the charger is attached to the battery with no input supply 
voltage. If discharging under this condition must be kept to an 
absolute minimum, the sense divider can be referenced to the 
POWER INDICATE pin, Pin 7, instead of ground. In this manner the 
open collector off state of Pin 7 will prevent the divider resistors 
from discharging the battery when the input supply is removed. 
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OPERATION AND APPLICATION INFORMATION (continued) 
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Figure 5. State Diagram and Design Equations for the Dual Step Current Charger 
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Explanation: Dual Step Current Charger 

A. Input power turns on, battery charges at a rate of Ih + Imax. 

Battery voltage reaches V 12 and the voltage loop switches 
to the lower level Vf. The battery is nowfed with the holding 
current Ih. 


D. When Vf is reached the charger will supply the full current 
Imax + Ih. 

E. The discharge continues and the battery voltage reaches 
V 21 causing the charger to switch back to state 1. 


C. An external load starts to discharge the battery^ 


Figure 6. Typical Charge Cycle: UC2906 Dual Step Current Charger 
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LINEAR INTEGRATED CIRCUITS 

Switching Power Supply Control System 


UC3850 


FEATURES 

• Single Chip PWM Control System 

• Programmable Under- Voltage Sense 

• Remote Enable with Soft-Start 

• Adjustable Deadtime 

• Over-Voltage Shutdown Latch 

• Dual Uncommitted Output Transistors 

• Double-Pulse Suppression Logic 

• High-Gain, High-Output Error Amplifier 

• Controlled-Gain Current Limit Amplifier 

• Oscillator Disable for Current-Mode 
Control 

• "Power Good” Logic Indication 

• Internal 5V Reference Generator 

• 24-Pin DIP Configuration 


DESCRIPTION 

The UC3850 device provides a complete control system for high-performance switching 
power supplies. In addition to a fixed-frequency, dual-output, pulse width modulator, 
these chips also contain full programming and protection circuitry. While the output of 
the error amplifier provides the normal regulating input to the PWM comparator, this 
signal may be overridden with two other comparator inputs. One is a dead-band control 
which serves to limit the maximum duty cycle, and the other is a protection bus 
activated by any of several functions. These include a current limit amplifier, an over- 
voltage shutdown latch, an under-voltage sense comparator and the remote enable 
input. These last two functions activate a soft-start with an external capacitor. 

Additional features included in these devices are logic signal outputs for input "power 
good” and an indicator when the OVP latch is set. The internal oscillator can be 
disabled allowing compatability with external frequency sources, voltage feed-forward, 
or current-mode control. 

The PWM output transistors have uncommitted collectors and emitters and have 40V, 
100mA capability. The logic arrangement prevents multiple pulses per period and 
repetitive pulses on one output. 

Packaged in a 24-pin DIP, the UC3850 is intended for operation from 0°C to +70°C and 
is available in either a plastic or ceramic package. 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Supply Voltage (Vin) 40V 

Collector Voltage (Vc) 40V 

Output Current (each output) 100mA 

Reference Output Current 20mA 

Logic Output Current Sink 10mA 

Oscillator Charging Current 5mA 

Input Voltage Ranges: 

a. Remote Enable -0.3V to Vref 

b. Error Amplifier -0.3V to +7V 

c. Current Limit Amplifier -0.3V to +7V 

d. Under-Voltage Sense -0.3V to +Vin 

e. Over-Voltage Sense -0.3V to +7V 

Power Dissipation at Ta = 25®C 800mW 

Derate Above 50°C 8mW/®C 

Operating Temperature Range -55®C to +125®C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 seconds) +300®C 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage, Vin IIV to 36V 

Oscillator Frequency lOKHz to 200KHz 

Timing Resistor, Rj 3Kn to 20KO 

Timing Capacitor, Ct OOlywF to 1.0/iF 

Error Amp Input Range 1.5V to 5.5V 

Current Amp Input Range OV to 5.5V 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = O^C to +70° for the UC3850; 
ViN = 24V, Fosc = 40KHZ.) 


PARAMETERS 

TEST CONDITIONS 

MIN. 

TYP, 

MAX. 

UNITS 1 

Reference Section | 

Output Voltage 

Tj = 25°C 

4.8 

5.0 

5.2 

V 

Line Regulation 

ViN = llVto36V 

— 

0.10 

0.33 

mV/V 

Load Regulation 

II = 1mA to 10mA 

— 

10 

30 

mV 

Temperature Stability* 

Over Operating Range 

— 

20 

50 

mV 

Short Circuit Current 

Vref = 0, Tj = 25°C 

— 

55 

100 

mA 

Oscillator Section | 

Nominal Frequency 

Rt = 11.5K, CT = 2.2nF 

35 

40 

45 

KHz 

Temperature Stability* 

Over Operating Range 

— 

2.5 

5 

% 

Output Pulse Amplitude* 


2.0 

3.3 

4.5 

V 

Output Pulse Width* 


— 

0.4 

0.8 

fjS 

Maximum Frequency 

Rt = 3K, Ct =1.0nF 

200 

- 

- 

KHz 

Oscillator Output Impedance 


— 

300 

— 

0 

Error Amplifier (Vcm = 2.5V) [ 

Input Offset Voltage 


— 

5 

10 

mV 

Input Bias Current 


- 

.05 

2 

M 

Input Offset Current 


— 

- 

0.1 

M 

Open Loop Voltage Gain 

Rl > 50KQ 

70 

100 

- 

dB 

Gain Bandwidth* 

Tj = 25°C, Av = OdB 

— 

0.7 

- 

MHz 

Common-Mode Rejection Ratio 

Vcm = 0.3V to 5.5V 

50 

70 

- 

dB 

Output Sink Current 

Vo = 0.5V 

0.2 

0.4 

1.0 

mA 

Output Source Current 

> 

o 

II 

o 

> 

5.0 

7.0 

10 

mA 

Output Swing 

Minimum Total Range 

0.5 

— 

4.5 

V 

Current Limit Amplifier (Vcm = IV) | 

Input Offset Voltage 



- 

30 

mV 

Input Bias Current 


— 

1 

3 

aA 

Input Offset Current 


- 

- 

0.2 

aA 

Open Loop Voltage Gain 


35 

40 

— 

dB 

Output Load Resistance 


32 

44 

56 

KO 

Response Time* 


- 

0.2 

0.4 

aS 

1 Deadtime Control | 

Nominal Deadtime 

Pin 4 = Open 

12 

16 

20 

% 

Minimum Deadtime 

Pin 4 = Vref 

— 

- 

5 

% 

Control Gain 

Pin 4 = 0.5V to 4.5V 

— 

25 

- 

%/V 

Current to Disable Oscillator* 

Pin 4 > 6V 

- 

- 

1 

mA 


♦ These parameters although guaranteed over the recommended operating conditions, are not 100% tested in production. 
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UC3850 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to +70® for the UC3850; 

ViN = 24V, Fqsc = 4QKHz.) 


PARAMETERS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Under-Voltage Sense | 

Lower Trip Point Threshold 


4.53 

4.78 

5.02 

V 

UVS Hysteresis 


— 

0.25 

— 

V 

UVS Input Current 


— 

-2 

-10 

M 

Soft-Start Charge Current 

Pin 20 = OV 

56 

70 

84 

M 

Soft-Start Discharge 

Pin 20 = 4.7V 

200 

250 

300 

M 

Power Good On Threshold 


4.8 

5.0 

5.2 

V 

Power Good Hysteresis 


— 

0.7 

— 

V 

Remote Enable Threshold 


0.8 

1.6 

2.0 

V 

Power Good Off Current 

Pin 21 = 5V 

- 

— 

10 


Power Good On Voltage 

I 21 = 5mA 

- 

0.3 

0.4 

V 

Over-Voltage Sense | 

OVS Threshold 


1.9 

2.0 

2.1 

V 

OVS Input Current 


- 

— 

10 

fj/K 

Delay Charge Current 

Pin 15 = OV 

44 

55 

66 

M 

OVP Off Current 

Pin 16 = 5V 

— 

— 

10 

//A 

OVP On Voltage 

I 16 = 5mA 

— 

.3 

.4 

V 

Output Switches | 

Collector-Emitter Voltage 


- 

— 

20 

V 

Collector Leakage Current 

VcE = 20V 


— 

100 

AfA 

C-E Saturation Voltage 

Ic = 50mA 

— 

1.2 

2 

V 

Emitter Output Voltage 

Vc = IIV, lE = 50mA 

8 

— 

- 

V 

Short Circuit Current 

Vcc = 36V 

- 

200 

— 

mA 

Supply Current | 

Standby 

Vcc = 40V 

— 

8 

12 

mA 

Operating 

Vcc = 30V 

- 

9 

14 

mA 


FUNCTIONAL DESCRIPTION 

1. Reference Regulator: The regulator supplies several internal 
reference levels as well as a 5.0V source for external use up to 
20mA. 

2. Oscillator: An external resistor establishes a constant charg- 
ing current into an external capacitor. In addition to a fixed 
frequency clock output, the voltage across Cj forms a saw- 
tooth waveform for the PWM comparator. This oscillator may 
be synchronized to an external source with a positive input 
into the clock terminal. Alternatively, it may be completely 
disabled by raising pin 4 above Vref with a source able to 
provide 1-lOmA. In this application, pin 6 is a high impe- 
dance input into the PWM comparator and an external blank- 
ing pulse must be applied to pin 8 for latch reset and 
deadtime control. 

3. PWM Comparator: The output of this comparator will go from 
low to high — setting the PWM Latch high — when the ramp 
input on pin 6 rises above the voltage level at its inverting 
input. This inverting inputwillfollowthe lowest of three levels 
— Deadtime, Error amplifier output, or the Fault line. The 
comparator will accept inputs down to OV and once set, the 
PWM latch requires a clock signal before the next pulse can 
begin. 


4. Deadtime Adjust: An internal divider establishes a nominal 
output duty cycle clamp at 84% but by setting pin 4 to a 
voltage between 0 and 5V, the duty cycle limit can be set from 
0 to 95%. This pin can also be used to disable the dscillator 
(see above). 

5. Error Amplifier: This amplifier provides the normal means of 
controlling pulse width with its gain and frequency response 
a function of external feedback. The amplifier is stable with 
closed-loop gains of 10 or above and its output cannot rise 
above the soft-start voltage on pin 20. 

6. Current Limit: This amplifier takes control away from the 
Error amplifier when load current is excessive. The gain 
characteristics are non-linear to provide a rapid response to 
an over-current condition, but lower gain for stable current 
regulation after the initial transient period. Compensation of 
the current loop can be effected at the Fault line, pin 22. 

7. Fault Line: Pin 22 is normally pulled to Vref through an 
internal 44K resistor, but will be held low for any of the 
following conditions: 

a. Current limit amplifier active 

b. Under-voltage sense low 

c. Over-voltage sense high 

d. Remote enable low 

When the fault cause is removed, the Fault line will go high at 
a rate determined by the soft-start voltage on pin 20. 
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8. Under-Voltage/Remote Sense: The regulator will be active 
only when both the Under-Voltage Sense and Remote Enable 
inputs are high. When this occurs, a “soft-start” is effected 
with the internal 70/yA current source and an external capaci- 
tor on pin 20. Should either input fall below its threshold, the 
PowerGood output on pin 21 will immediately go to an active 
low, followed by regulator shutdown after a delay controlled 
by the soft-start capacitor and the net pull-down current of 
250/yA. 

9. Over-Voltage Sense: When this comparator senses a voltage 
in excess of its threshold, with a duration longer than an 
interval established by the 55/:yA current source and an 
external capacitor on pin 15, the circuit will latch, terminate 


UC3850 


the PWM output signal, pull the fault line low, and indicate 
with a high level on pin 16, the OV shutdown state. Once 
latched, the circuit may be restarted by recycling the input 
Vcc voltage, momentarily lowering the Remote Enable input, 
or discharging the OVP delay capacitor on pin 15. 

10. Output Switches: The switches will operate alternately with 
logic to insure that once a given pulse is terminated, the 
same output cannot reactivate during the remainder of that 
period or in any succeeding period until after a pulse has 
been delivered by the other output. The output transistors 
may be operated in either common emitter or common col- 
lector configuration. 






LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Positive Regulators 


UC7800A 

UC7800AC 

UC7800 

UC7800C 


FEATURES 

• ±1% Output Voltage on 7800A, AC 
Series 

• Complete Specifications at lA Load 

• No External Components 

• Internal Thermal Overload Protection 
o Internal Short Circuit Current Limiting 

• Output Transistor Safe Area 
Compensation 

• Available in TO-3 and TO-220 Packages 

• Output Voltages of 5V, 12V and 15V 
(For Other Voltages, Please Contact the 
Factory) 


DESCRIPTION 

These three terminal monolithic positive voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In additiorf to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. The 7800 and 7800C series have output tolerances of ±4%. The 7800A and 
7800AC series offer ±1% tolerances on initial output voltage and, in addition, are 
specified to provide better regulator performance. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Power Dissipation 

Operating Junction Temperature Range 

UC7800A SERIES 

UC7800AC SERIES 

UC7800 SERIES 

UC7800C SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) package 

T (TO-220) package 

Power/Thermal Characteristics 

Rated Power @ 25°C 

Tc 

Ta 

Thermal Resistance 

^JC 

ejA 


35V 

Internally limited 

-55‘’C to +150‘’C 

O'’Cto+125'’C 

-55‘’Cto+150°C 

0“C to+125'’C 

-65°C to +150°C 

300*^0 

230X 

K (TO-3) Package T (TO-220) Package 

20W 15W 

4.3W 2W 

3'’C/W 3"C/W 

. . . . 35“c/w eo^c/w 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS UC7800A UC7800AC UC7800 UC7800C SERIES 5V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7805A 

UC7805AC 

UC7805 

UC7805C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25‘’C, V,N = lOV, lo = lA 

4.95 


5.05 

4.95 


5.05 

4.8 


5.2 

4.8 


5.2 

V 

Tj = 25®C, 7.5V < V,N < 20V 

5mA < louT < lA, Pd < 15W 

Over Temperature, Tmin < Tj < Tmax 

4.9 


5.1 

4.87 


5.13 

4.8 


5.2 

4.77 


5.23 

V 

4.85 


5.15 

4.85 


5.15 

4.75 


5.25 

4.75 


5.25 

V 

Line Regulation 

Tj = 25°C, 7.5V < V,N < 20V, Iq = 500mA 

Over Temperature, Tmin ^ Tj < Tmax 



5 



6 



25 



35 

mV 


3 

10 


3 

10 


10 

50 


10 

50 

mV 

Load Regulation 

Tj = 25^*0, V,N = lOV, 5mA < lo < 1.5A 


10 

12 


10 

17 


20 

26 


20 

40 

mV 

V,N = lOV, 5mA < lo < lA 

Over Temperature, Tmin < Tj < Tmax 



25 



25 



50 



50 

mV 

Quiescent Current 

Tj = 25°C, V,N = lOV, lo = lA 

Over Temperature, Tmin < Tj < Tmax 


4.5 

6 


4.5 

6 


— 

4.5 

6 


4.5 

6 

mA 



6.5 



6.5 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25®C, ViN = lOV, 5mA < lo < lA 

Over Temperature, Tmin < Tj < Tmax 



.4 



.4 



.4 



.4 

mA 



.5 



.5 



.5 



.5 

mA 

Tj = 25®C, 7.5V < ViN < 20V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



.6 



.6 



.8 



.8 

mA 



.8 



.8 



1.0 



1.0 

mA 

Ripple Rejection 

T| = 25“C, 8V < V,N < 18V, lo = 500mA 

69 



69 



63 



63 

1 


dB 

Output Noise Voltage 

Tj = 25°C, V,N = lOV, lo = lA 


40 



40 



40 



40 


/^V 

Dropout Voltage 

Tj = 25“C, lo = lA 


2 



2 



2 



2 


V 

Short Circuit Current 

Tj = 25"C, V,N = lOV 


2.1 



2.1 



2.1 


1 

i 

2.1 


A 

Peak Output Current 

Tj = 25"C 


2.4 



2.4 



2.4 


1 

2.4 


A 

Avg. Temp. Variation 
of VoUT 

0“C < Tj < Tmax, V,n = lOV, lo = 5mA 


-.4 



-4 



. -.4 



-.4 


mV/°C 

Long Term Stability 

1000 Hrs. @ Tj = 125^0, V,n = lOV, lo = 5mA 


20 



20 



20 



20 


mV 

Thermal Shutdown 

V,N = lOV, lo = 5mA 


175 



175 



175 


• 

175 


"C 

Tmax 


150 



125 



150 



125 


°C 

TmIN 


-55 



0 



-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t* < 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be 
taken into account separately. 
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ELECTRICAL CHARACTERISTICS UC7800A UC7800AC UC7800 UC7800C SERIES 12V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7812A 

UC7812AC 

UC7812 

UC7812C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,N = 19V, lo = lA 

11.88 


12.12 

11.88 


12.12 

11.52 


12.48 

11.52 


12.48 

V 

Tj = 25‘’C, 14.5V < V,N < 27V 

5mA<louT<lA, Pd<15W 

Over Temperature, Tmin < Tj < Tmax 

11.76 


12.24 

11.70 


12.30 

11.52 


12.48 

11.46 


12.54 

V 

11.64 


12.36 

11.64 


12.36 

11.40 


12.60 

11.40 


12.60 

V 

Line Regulation 

Tj = 25‘’C, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



12 



15 



60 



84 

mV 


4 

18 


4 

18 


20 

120 


20 

120 

mV 

Load Regulation 

Tj = 25®C, V,N = 19V, 5mA < lo < 1.5A 


12 

32 


12 

50 


50 

64 


50 

100 

mV 

V,N = 19V, 5mA < lo ^ lA 

Over Temperature, Tmin ^ Tj < Tmax 



60 



60 



120 



120 

mV 

Quiescent Current 

Tj = 25^0, V,N = 19V, lo = lA 

Over Temperature, Tmin ^ Tj < Tmax 


4.5 

6 


4.5 

6 


4.5 

7 


4.5 

7 

mA 



6.5 



6.5 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25®C, ViN = 19V, 5mA < lo < lA 

Over Temperature, Tmin ^ Tj < Tmax 



.4 



.4 



.4 



.4 ' 

mA 



.5 



.5 



.5 



.5 

mA 

Tj = 25"C, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin Tj < Tmax 



.6 



.6 



.8 



.8 

mA 



.8 



.8 



1.0 



1.0 

mA 

Ripple Rejection 

Tj = 25®C, 15V < V,N < 25V, lo = 500mA 

62 



62 



56 



56 



dB 

Output Noise Voltage 

Tj = 25®C, V,N = 19V, lo = 5mA 


75 



75 



75 



75 


aV 

Dropout Voltage 

Tj = 25*0, lo = lA 


2 



2 



2 



2 


V 

Short Circuit Current 

Tj = 25*C, V,N = 19V 


1.5 



1.5 



1.5 



1.5 


A 

Peak Output Current 

Tj = 25*C 


2.4 



2.4 



2.4 



2.4 


A 

Avg. Temp. Variation 
of VoUT 

0*C < Tj < Tmax. V.n = 19V, lo = 5mA 


-.8 



-.8 



-.8 



-.8 


mV/*C 

Long Term Stability 

1000 Hrs. @ Tj = 125*C, V,n = 19V, lo = 5mA 


50 



50 



50 



50 


mV 

Thermal Shutdown 

ViN = 19V, lo = 5mA 


175 



175 



175 



175 


*C 

T max 


150 



125 



150 



125 


*C 

Tmin 


-55 



0 



-55 



0 


*C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage | changes due to changes in internal temperature must be 
taken into account separately. 
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ELECTRICAL CHARACTERISTICS 


UC7800A UC7800AC UC7800 UC7800C SERIES 15V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7815A 

UC7815AC 

UC7815 

UC7815C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25“C, V,N = 23V, lo = lA 

14.85"^ 


15.15 

14.85 


15.15 

14.4 


15.6 

14.4 


15.6 

V 

Ti = 25“C, 17.5V <V,N< 30V 

5mA<louT<lA, Pd<15V\/ 

Over Temperature, Tmin < Tj < Tmax 

14.7 


15.3 

14.60 


15.40 

14.4 


15.6 

— 

14.3 


15.7 

V 

14.55 


15.45 

14.55 


15.45 

14.25 


15.75 

14.25 


15.75 

V 

Line Regulation 

T| = 25X, 17.5V < V,N < 30V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



15 



19 



75 



100 

mV 


4 

22 


4 

22 . 


22 

150 


22 

150 

mV 

Load Regulation 

T| = 25°C, V.N = 23V, 5mA < lo < 1.5A 


12 

35 


12 

50 


50 

80 


50 

120 

mV 

V,N = 23V, 5mA < lo < lA 

Over Temperature, Tmin ^ Tj < Tmax 



75 



75 



150 



150 

mV 

Quiescent Current 

Tj = 25"C, V,N = 23V, lo = lA 

Over Temperature, Tmin ^ Tj < Tmax 


4.5 

6 


4.5 

6 


4.5 

7 


4.5 

7 

mA 



6.5 



6.5 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25"C, ViN = 23V, 5mA < lo < lA 

Over Temperature, Tmin < Tj < Tmax 



.4 



.4 



.4 



.4 

mA 



.5 



.5 



.5 



.5 

mA 

Tj = 25'’C, 17.5V < V,N < 30V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



.6 



.6 



.8 



.8 

mA 



.8 



.8 



1.0 



1.0 

mA 

Ripple Rejection 

Tj = 25®C, 18.5V < V,N < 28.5V, lo = 500mA 

60 



60 



54 



54 



dB 

Output Noise Voltage 

Tj = 25‘’C, V,N = 23V, lo = 5mA 


90 



90 



90 



90 


aV 

Dropout Voltage 

Tj = 25°C, lo = lA 


2 



2 



2 



2 


V 

Short Circuit Current 

Tj = 25‘’C, ViN = 23V 


1.2 



1.2 



1.2 



1.2 


A 

Peak Output Current 

Tj = 25°C 


2.4 



2.4 



2.4 



2.4 


A 

Avg. Temp. Variation 
of VoUT 

O^C < Tj < Tmax, Vin = 23V, lo = 5mA 


-1.0 



-1.0 



-1.0 



-1.0 


mV/°C 

Long Term Stability 

1000 Hrs. (5) Tj = 125°C, Vin = 23V, lo = 5mA 


60 



60 



60 



60 


mV 

Thermal Shutdown 

V,N = 23V, lo = 5mA 


175 



175 



175 



175 



Tmax 


150 



125 



150 



125 


°C 

Tmin 


-55 



0 



-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle :< 5%). Output voltage changes due to changes in internal temperature must be 
taken into account separately. 


UC7800A UC7800AC UC7800 UC7800C SERIES 



INPUT TO OUTPUT DIFFERENTIAL 


UC7800A UC7800AC UC7800 UC7800C SERIES 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 




UC7800AC UC7800A SERIES 
UC7800C UC780P SERIES 



INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

0 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420- .440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX, RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 




ORDERING INFORMATION 


OUTPUT VOLTAGE 

1 PACKAGE SUFFIX 


K(T0.3) 

T(TO-220) 

5V 

UC7805AK 

UC7805ACK 

UC7805K 

UC7805CK 

UC7805ACT 

UC7805CT 

12V 

UC7812AK 

UC7812ACK 

UC7812K 

UC7812CK 

UC7812ACT 

UC7812CT 

15V 

UC7815AK 

UC7815ACK 

UC7815K 

UC7815CK 

UC7815ACT 

UC7815CT 


s 

1 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE - (°C) 


Ripple Rejection 



10 100 IK lOK lOOK 

FREQUENCY - (Hz) 


Peak Output Current 



0 5 10 15 20 25 30 35 


INPUT TO OUTPUT DIFFERENTIAL - (V) 
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LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Negative Regulators 


UC7900A 

UC7900AC 

UC7900 

UC7900C 


FEATURES 

• ±1% Output Voltage on 7900A, AC 
Series 

• Output Current to 1.5A 

• One External Component 

• Internal Thermal Overload Protection 

• Internal Short Circuit Current Limiting 

• Output Transistor Safe Area 
Compensation 

• Available in TO-3 and TO-220 Packages 

• Output Voltages of -5V, -12V and -15V 
(For Other Voltages, Please Contact the 
Factory) 


DESCRIPTION 

These three terminal monolithic negative voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. The 7900 and 7900C series have output tolerances of ±4%. The 7900A and 
7900AC series offer ±1% tolerances on initial output voltage and, in addition, are 
specified to provide better regulator performance. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Input-Output Voltage Differential 

Power Dissipation 

Operating Junction Temperature Range 

UC7900A SERIES 

UC7900AC SERIES 

UC7900 SERIES 

UC7900C SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) package 

T (TO-220) package 

Power/Thermal Characteristics 

K (TO-3) Package 

Rated Power (§) 25°C 


Tc 20W.. 

Ta 4.3W., 

Thermal Resistance 

^jc ...^‘’C/W . 

5ja 35'’C/W 


-35V 

30V 

. . Internally limited 

.. -55°C to+150‘’C 

0°Cto+125°C 

.. -55‘’C to +150°C 

0‘’Cto+125°C 

.. -65°C to+150°C 

300^ 

230“C 

T(TO-220) Package 

15W 

2W 

3“C/W 

60"C/W 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS UC7900A UC7900AC UC7900; UC7900C SERIES 5V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7905A 

UC7905AC 

UC7905 

UC7905C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,N = -lOV, lo = 5mA 

-5.05 


-4.95 

-5.05 


-4.95 

-5.20 


-4.80 

-5.20 


-4.80 

V 

Tj = 25°C, -25V < V.N < -8V 

5mA < louT ^ l.OA, P ^ Pd 

-5.10 


-4.90 

-5.13 


-4.87 

-5.20 


-4.80 

-5.23 


-4.77 

V 

Over Temperature, Tmin < Tj < Tmax 

-5.15 


-4.85 

-5.15 


-4.85 

-5.25 


-4.75 

-5.25 


-4.75 

V 

Line Regulation 

Tj = 25“C, -25V < V,N < -7V, Iq = 5mA 


10 

15 


10 

25 


25 

50 


25 

50 

mV 

Load Regulation 

Tj = 25°C, V,N = -lOV, 5mA < lo < 1.5A 


20 

50 


20 

100 



50 



100 

mV 

Quiescent Current 

Tj = 25“C, V,N = -lOV, lo = 500mA 


1 

2 


1 

2 


1 

2.5 


1 

2.5 

mA 

Over Temperature, Tmin < Tj < Tmax 



2.5 



2.5 



3 



3 

mA 

Quiescent Current 
Change 

Tj = 25®C, ViN = -lOV, 5mA < lo < 1.5A 



.4 



.4 



1.0 



1.0 

mA 

Tj = 25"C, -25V < ViN < -8V, lo = 500mA 



.4 



.4 



.5 



.5 

mA 

Ripple Rejection 

Tj = 25"C, -18V < ViN < -8V, lo = 500mA 

54 



54 



54 



54 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = 1/if 

Tj = 25‘’C, ViN = -lOV, lo = 500mA 


100 



100 



100 



100 


/iV 

Dropout Voltage 

Tj = 25‘’C, lo = lA 


2.0 



2.0 



2.0 



2.0 


V 

Short Circuit Current 

Tj = 25®C, V,N = -lOV 


1.8 



1.8 



1.8 



bo 


A 

Peak Output Current 

Tj = 25*0 


2.0 



2.0 



2.0 



2.0 


A 

Avg. Temp. Variation 
of VoUT 

0*^0 ^ Tj < Tmax, Vin - -lOV, lo - 5mA 


-.4 



-.4 



-.4 



-.4 


mV/^’C 

Long Term Stability 

1000 Hrs. @ Tj = 125°C, V,n = -lOV, lo = 5mA 


20 



20 



20 



20 


mV 

Thermal Shutdown 

< 

z 

II 

1 

O 

< 

o” 

II 

<J1 

3 

> 


175 



175 



175 



175 


°C 

Tmax 


150 



125 



150 



125 


°C 

Tmin 


-55 



0 



-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw ^ 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be 
taken into account separately. Pd = 20W for TO-3 (K) and 15W for TO-220 (T); Min |Vo - Vin| @ -55°C = 2.5V. 
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ELECTRICAL CHARACTERISTICS UC7900A UC7900AC UC7900 UC7900C SERIES 12V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7912A 

UC7912AC 

UC7912 

UC7912C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,n = -17V, lo = 5mA 

-12.12 


-11.88 

-12.12 


-11.88 

-12.48 


-11.52 

-12.48 


-11.52 

V 

Tj = 25°C, -32 V<V,n<-14V 

5mA ^ louT ^ l.OA, P ^ Pq 

-12.24 


-11.76 

-12.30 


-11.70 

-12.48 


— 

-11.52 

-12.54 


-11.46 

V 

Over Temperature, Tmin < Tj <Tmax 

-12.36 


-11.64 

-12.36 


-11.64 

-12.60 


-11.40 

-12.60 


-11.40 

V 

Line Regulation 

Tj = 25°C, -32V < V,N < -14V, lo = 5mA 


10 

20 


10 

30 


30 

80 


30 

80 

mV 

Load Regulation 

Tj = 25‘’C, V,N = -17V, 5mA < lo < 1.5A 


40 

80 


40 

80 



120 



240 

mV 

Quiescent Current 

Tj = 25‘’C, V,N = -17V, lo = 500mA 


3 



3 



3 



3 


mA 

Over Temperature, Tmin < Tj < Tmax 



4 



4 



4 



4 

mA 

Quiescent Current 
Change 

Tj = 25‘’C, V,N = -17V, 5mA < lo < 1.5A 



.4 



.4 



.8 



.8 

mA 

Tj = 25'’C, -32V < V,N < -14V, lo = 500mA 



.4 



.4 



.5 



.5 

mA 

Ripple Rejection 

Tj = 25"C, -25V < V,N < -15V, lo = 500mA 

56 



56 



56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = 1/if 

Tj = 25°C, V,N = -17V, lo = 500mA 


200 



200 



200 



200 


/iV 

Dropout Voltage 

Tj = 25‘’C, lo = lA 


1.1 



1.1 



1.1 



1.1 


V 

Short Circuit Current 

Tj = 25‘’C, V,N = -17V 


1.3 



1.3 



1.3 



1.3 


A 

Peak Output Current 

Tj = 25"C 


2.0 



2.0 



2.0 



2.0 


A 

Avg. Temp. Variation 
of VoUT 

0°C < Tj < Tmax. V.n = -17V, lo = 5mA 


-.9 



-.9 



-.9 



-.9 


mV/°C 

Long Term Stability 

1000 Hrs. @ Tj = 125°C, V,n = -17V, lo = 5mA 


48 



48 



48 



48 


mV 

Thermal Shutdown 

V,N = -17V, lo= 5mA 


175 



175 



175 



175 


°C 

TmAX 


150 



125 



150 



125 


°C 

TmIN 


-55 



0 



-55 



l_2_ 


“C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t* ^ 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be 
taken into account separately. Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 
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ELECTRICAL CHARACTERISTICS UC7900A UC7900AC UC7900 UC7900C SERIES 15V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7915A 

UC7915AC 

UC7915 

UC7915C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,N = -20V, lo = 5mA 

-15.15 


-14.85 

-15.15 


-14.85 

-15.60 


-14.40 

-15.60 


-14.40 

V 

Tj = 25"C, -35V < V,N < -17V 

5mA ^ louT ^ l.OA, P < Pd 

-15.30 


-14.70 

-15.38 


-14.63 

-15.60 


-14.40 

-15.68 


-14.32 

V 

Over Temperature, Tmin < Tj < Tmax 

-15.45 


-14.55 

-15.45 


-14.55 

-15.75 


-14.25 

-15.75 


-14.25 

V 

Line Regulation 

Tj = 25*^0, -35V < V,N < -17V, lo = 5mA 


10 

20 


10 

30 


,35 

100 


35' 

100 

mV 

Load Regulation 

Tj = 25«C, V,N = -20V, 5mA < lo < 1.5A 


50 

80 


50 

80 



150 



300 

mV 

Quiescent Current 

Tj = 25*0, V,N = -20V, lo = 500mA 


3 



3 



3 



3 


mA 

Over Temperature, Tmin < Tj < Tmax 



4 



4 



4 



4 

mA 

Quiescent Current 
Change 

Tj = 25°C, V,N = -20V,.5mA < lo < 1.5A 



.4 



.4 



.8 



.8 

mA 

Tj = 25*0, -35V < V,N < -17V, lo = 500mA 



.4 



.4 



.5 



.5 

mA 

Ripple Rejection 

Tj = 25"C, -28V < V,N < -18V, lo = 500mA 

56 



56 



56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = l//f 

Tj = 25"^ V,N = -17V, lo = 500mA 


250 



250 



250 



250 


A^V 

Dropout Voltage 

Tj = 25‘’C, lo = lA 


1.1 



1.1 



1.1 



1.1 


V 

Short Circuit Current 

Tj = 25"C, V,N = -20V 


1.1 



1.1 



1.1 



1.1 


A 

Peak Output Current 

Tj = 25‘’C 


2.0 



2.0 



2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

O'C < Tj < Tmax. V,n = -20V, lo = 5mA 


-1.0 



-1.0 



-1.0 



1 

b 


mvrc 

Long Term Stability 

1000 Hrs. @ Tj = 125“C, V,n = -20V, lo = 5mA 


60 



60 



60 



60 


mV 

Thermal Shutdown 

ViN = -20V, lo = 5mA 


175 



175 



175 



175 


“C 

Tmax 


150 



125 



150 



125 


“C 

Tmin 


-55 



0 



-55 



0 




Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be 
taken into account separately. Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 


UC7900A UC7900AC UC7900 UC7900C SERIES 




INPUT TO OUTPUT DIFFERENTIAL - (V) 
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MOTION CONTROL CIRCUITS 


PRODUCT SELECTION GUIDE 


Unitrode produces a variety of industry standard 
motor drivers and actuator circuits. Unitrode also 
has introduced many new and innovative circuits 


of its own offering you, the designer, with the tech- 
nological difference, the best in cost performance 
integrated circuits. 


UNITRODE DEVICE 

Brush-Type 

Motor 

Two-Phase 

Stepper 

Micro- 

stepping 

Three-Phase 

Brushless 

Solenoid 

Driver 

Voice 

Coil 

L292 







L293 







L293D 







L295 







L298, L298D 







UC3517 







UC3610 







UC3620 




:H::K 



UC3622 




i 



UC3633/3634 




I 



UC3637 







UC3705 



I 

I 

! 



UC3707 




I 



UC3717 



i 

I 



UC3717A 



I 




UC3657 



I 




UC2950 







UC3716 
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MOTION CONTROL CIRCUITS 


PRODUCT SELECTION GUIDE 


TYPE 

DESCRIPTION 

TYPICAL APPLICATION 

Vo 

Vqs 

^OUT 


fo 

0JC 

PACKAGE 

L292 

H-Bridge Transconduc- 
tance amplifier with 

PWM current control. 

DC Motors, torque control, 
stepping motors, microstepping 
solenoid controlled valves. 

18 to 
36 
Volts 


2.0 

Amp 

Cont. 

25 

Watts 

MAX 

30 kHz 
MAX 

3.0 

°C/W 

15 Pin 
Power Tab 

L293 

Four Totem-Pole Drivers 

DC Motors 

Stepping Motors 

36 

Volts 

4.5 to 
36 
Volts 

1.0 

Amp 

Cont. 

5.0 

Watts 

MAX 


14.0 

°C/W 

16 Pin 

DIP 

“BATWING” 

L293D 

L293 with eight bridge 
diodes; reduced Iqut 

DC Motors 

Stepping Motors 

36 

Volts 

4.5 to 
36 
Volts 

0.6A 

Amp 

Cont. 

5.0 

Watts 

MAX 


14.0 

°C/W 

16 Pin 

DIP 

“BATWING” 

1295 

Dual solenoid driver with 
current control. 

Hammer driver in matrix printers 
Solenoid drivers 

Motors 

See Power Driver* & Interface Circuits. 

L298 

L298D 

Dual Full-Bridge with 
individual logic inputs for 
each bridge. 

(L298D has on board 
diodes) 

Power stage for motor and 
solenoid drivers. Low standby 
power drain makes it ideal for 
battery operated equipment. 

Vss to 
46 
Volts 

4.5 to 
7.0 
Volts 

2.0 

Amp 

Cont. 

25 

Watts 

MAX 


3.0 

°C/W 

15 Pin 
Power Tab 

1.0A 

Cont. 

iicSio 

UC3610 

Dual diode bridge with 
eight Schottky diodes. 

(Vf = IV @ 2A) 1 

Use as circulating diodes with 
motor or solenoid drivers. 

40 

Volts 

MAX 


3.0 

Amp 

MAX 




8 Pin 

DIP ■ 

UC3620 

Brushless DC motor with 
switching current control. 

Drive brushless DC motors. 

Includes Hall decode logic and 
fixed off-time current control 
switching. 

40 

Volts 

MAX 


2.0 

Amp 

Cont. 

25 

Watts 

MAX 

30 kHz 

3.0 

°C/W 

15 Pin 
Power Tab 

UC3622 

Brushless DC motor with 
voltage mode control. 

Drives brushless DC motors in fast 
responding, position feedback 
systems. 

40 

Volts 

MAX 


2.0 

Amp 

Cont. 

25 

Watts 

30 kHz 

30 

°C/W 

15 Pin 
Power Tab 

UC1633 

UC1634 

Phase Locked Controller 

Speed control for DC motors with 
crystal oscillator, phase detector 
and lock indicator. 

8 to 

15 

Volts 


16mA 

1 Watt 



16 Pin 

DIP 

UC1637 
UC2637 1 
UC3637 

PWM Driver for DC 
Servomotors: Current 
Limit, Under-Voltage 
Lock-Out. 

Drive Bipolar or MOSFET Power 
H-Bridge in DC Velocity and 

Position Servo-Loops. 

40 

Volts 

MAX 


500mA 

Peak 

2.0W 

MAX 



18 Pin 

DIP 

UC1705* 

UC3705* 

UC1706 

UC3706 

UC1707 

UC3707 

Dual driver for power 
MOSFETs; 40nS into 
lOOOpF, 1.5A peak. TTL 
compatible inputs. 

Interface between low-level control 
functions and high power control 
devices, particularly power 

MOSFETs. 

See Power Driver & Interface Circuits. ■ 

UC1717 

UC3717 

UC3717A 

Stepping motor phase 
driver; TTL compatible 
inputs. Pulse-by-pulse 
current control, and full 
output H-Bridge with 
diodes. 

Stepping motor driver in full-step, 
half-step, or microstep mode. 

Separate digital control sets current 
at 100%, .60%, 19%, or zero 

Bipolar operation. 

10 to 
40 
Volts 

4.75 to 
5.25 
Volts 

1.0 

Amp 

Peak 

2.0 

Watts 

MAX 

30 kHz 
Typ. 

11.0 

°C/W 

16 Pin 

DIP 

“BATWING” 

UC3517 

Stepping modor driver, 
unipolar, bilevel. Minimal 
RFI. Activates both 
motor phases. 

Driver for stepping motors in appli- 
cations requiring least possible 

RFI. Internal logic for STEP, 

FWD/REV, and FULL STEP/HALF 
STEP High voltage pulse width set 
by single RC. 

10 to 
40 
Volts 

4.75 to 
5.25 
Volts 

350 

mA 

Cont. 

1.6 

Watts 

MAX 



16 Pin 

DIP 

UC2960 

Half Bridge Bipolar 

Switch 

2- Phase Steppers 

Brush Type Motors 

3- Phase Brushless 

See Power Driver & Interface Circuits. 

UC1657 

UC3657 

Triple Half Bridge 

Power Driver 

3-Phase Brushless Motors 

40 

Volts 

MAX 


2.0 

Amp 

Cont. 

2.5 

Watts 

30 kHz 

3.0 

°C/W 

15 Pin 
Power Tab 

UC3176 

Voice-Coil Driver 

Head Positioning 

25 

Volts 

MAX 


3.0 

Amp 

MAX 




15 Pin 
Power Tab 

UC3720 

Smart Switch 

Any Load Switching Feedback 
System 

See Power Driver & Interface Circuits. 


*UC1 705/3705 are single drivers. 
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LINEAR INTEGRATED CIRCUITS 

Switchmode Driver for DC Motors 


L292 


FEATURES 

• Driving capability: 2A, 36V, 30KHz 

• Two logic chip enable inputs 

• External loop gain adjustment 

• Single power supply (18 to 36V) 

• Input signal symmetric to ground 

• Thermal protection 


DESCRIPTION 

The L292 is a monlithic LSI circuit in a 15-lead Multiwatt® package. It Is intended to 
drive DC motors controlling positioning devices such as used in typewriters, printers, 
plotters and other computer peripherals. 

The device contains a level shifter, triangle waveform oscillator, error amplifier, PWM 
comparator, current sensing amplifier, H-bridge output stage with a 2A, 36V driving 
capability and two output enable inputs. Protection circuitry Includes under-voltage 
output inhibit and thermal protection. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vs 36V 

Input Voltage, Vi -15 to +VsV 

Inhibit Voltage, Vinhibit 0 to VgV 

Output Current, lo 2.5A 

Total Power Dissipation (Tease = 75°C) 25W 

Storage and Junction Temperature, Tstg -40 to +150®C 

Thermal Resistance Junction-Case, ^jc S^C/W 


Q 

THERMAL DATA 

Thermal Resistance Junction-Case, ^jc S^C/W max 


BLOCK DIAGRAM 



~ Ct 
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L292 


MECHANICAL DATA 


CONNECTION DIAGRAM 




MOTOR 

Rs2 

INHIBIT(CEl) 

INHIBIT(CE2) 

OSCILL(R) 

OSCILL(C) 

OUTPUT(ERR. AMPL) 
GND 

INPUT (ERR. AMPL) 
INPUT (LEVEL SHIFT) 
OUTPUT C.S.A. 


COMP. INPUT 

+Vs 

Rsl 

MOTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C; W = 20KHz unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage 

Vs 


18 


36 

V 

Quiescent Drain Current 

Id 

Vs = 20V (offset null) 


30 

50 

mA 

Input Offset Voltage (Pin 6) 

Vos 

Vs = 36V, lo = 0 



±350 

mV 

Inhibit Input Voltage (Pin 12, 13) 

Vinh. L 




2 

V 

Vinh. H 


3.2 



V 

Inhibit Input Current 

linh. L 

Vinh. (L) = 0.4V 



-100 


linh. H 

Vinh. (H) = 3.2V 



10 

/iA 

Input Current (Pin 6) 

li 


Vi = -8.8V 



-1.8 

mA 


Vi = +8.8V 



0.5 

mA 

Input Voltage (Pin 6) 

Vi 

Rsi = Rs 2 = 0.2Q 

o 

II 

N> 

> 


9.1 


V 

o~ 

II 

1 

ro 

> 


-9.1 


V 

Output Current 

lo 

V| ± 9.8V, Rsi = Rs 2 = 0.20 

±2 .. 



A 

Total Drop Out Voltage 

Vd 

(including sensing resistors) 

o 

II 

N) 

> 



5 

V 

o 

II 

> 



3.5 

V 

Sensing Resistor Voltage Drop 

Vrs 

Tj = 150‘’C, lo = 2A 



0.44 

V 

Transconductance 


Rsi = Rs 2 = 0.2n 

220 

240 

260 

mA/V 

'W 

Rsi = Rs 2 = 0.40 


120 


mA/V 

Frequency Range (Pin 10) 

fosc 


1 


30 

KHz 


TRUTH TABLE 


Vjnhibit 

Output Stage 

Condition 

Pin 12 

Pin 13 

L 

L 

Disabled 

L 

H 

Normal Operation 

H 

L 

Disabled 

H 

H 

Disabled 
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L292 


FUNCTIONAL DESCRIPTION 

The error signal input has been designed to accept a bidirectional 
error signal symmetrical to ground. The level shifter converts the 
± error signal into a single positive signal with the aid of an 
internally generated 8V reference. This same reference voltage 
supplies the triangle wave oscillator whose frequency is fixed by 
the external RC network (Rt, Ct - pins 11 and 10) where: 

1 

fosc = (with R > 8.2Kfi) 

2RC 

The oscillator determines the switching frequency of the output 
stage and should be in the range 1 to 30KHz. 

Motorcurrent is regulated by an internal loop in the L292 which is 
performed by the resistors Rsi, Rs 2 and the differential current 
sense amplifier, the output of which is filtered by an external RC 
network and fed back to the error amplifier. 

The choice of the external components in this RC network (pins 5, 
7, 9) is determined by the motor type and the bandwidth require- 
ments. The values shown in the diagram are fora 5n, 5mH motor. 
(See L292 Transfer Function Calculation in Application Informa- 
tion). 

The error signal obtained by the addition of the input and the 
current feedback signals (pin 7) is used to pulse width modulate 
the oscillator signal by means of the comparator. The pulse width 
modulated signal controls the duty cycle of the H -bridge to give an 
output current corresponding to the L292 input signal. 

The interval between one side of the bridge switching off and the 
other switching on, r, is programmed by Ct in conjunction with an 
internal resistor Rr. 

This can be found from: 

r = Rt • CpiN 10 (Ct in the diagram) 

Since Rt is approximately 1.5 Kfi and the recommended T to 
avoid simultaneous conduction is 2.5/iS, Cpin io should be 
around 1.5nF. 

The current sense resistors Rsi and Rsi should be high precision 
types (maximum tolerance ±2%) and the recommended value Is 
given by: 

Rmax ' Io max ^ 0.44V 


It is possible to synchronize two L292s, if desired, using the 
network shown in Figure 1. 


L292 4 1 1 

10 11 

ri' ^ 

L292 

0 11 


lOOkO j 

1 


L 

FLOAT ' 


— ' 



1 

>R 

f 

= 



J 

L 

.. 

L J 

> 


Figure 1. 


Finally, two enable inputs are provided on the L292 (pins 12 and 
13-active low and high respectively). Thus the output stage may 
be inhibited by taking pin 12 high or by taking pin 13 low. The 
output will also be inhibited if the supply voltage falls below 18V. 

The enable inputs were implemented in this way because they are 
intended to be driven directly by a microprocessor. Currently 
available microprocessors may generate spikes as high as 1.5V 
during power-up. These inputs may be usedfora variety of appli- 
cations such as motor inhibit during reset of the logical system 
and power-on reset (see Figure 2). 


X AA/^ o + 

I 


Figure 2. 
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L292 


APPLICATION INFORMATION 



“ Cr 


Figure 3. 


The schematic diagram used for the Laplace analysis of the 
system is shown in Figure 4. 



Im = Motor current 


Gmo = 1 (DC transfer function from the input of the .comparator (Vth) to the motor current (Im)). 

Vth 3 = 0 


Figure 4. 
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L292 


APPLICATION INFORMATION (continued) 


Neglecting the Vce sat of the bridge transistor and the Vbe of the 
diodes: 

1 2Vs where: Vs = supply voltage (1) 

Gmo “ 

Rm Vr Vr = 8V (reference voltage) 

DC Transfer Function 

In order to be sure that the current loop is stable the following 
condition is imposed: 

Lm 

1 + sRC = 1 s (pole cancellation) (2) 

Rm 

Lm 

from which RC = (Note that in practice 

R must be greater than 5.6Kn) 

The transfer function is then, (3) 

Im , ^ R 2 R 4 ^ 1 +sRfCf 

(s) — Gmo 2 

Vi R1R3 GmoRs + s R4C + s^ RfCfR 4 C 

In DC condition, this is reduced to 

Im R 2 R 4 1 0.048 A 

( 0 ) = • = [ ] 

Vi R1R3 Rs Rs V 


Open-Loop Gain and Stability Criterion 

For RC = Lm/Rm, the open loop gain is: (5) 

1 Rs Rf Gmo Rs 1 

A/} “ * Gmo ~ 

sRfC R 4 1 + sRfCf R 4 C s (1 + sRfCf) 

In order to achieve good stability, the phase margin must be 
greater than 45®C when | A/0| = 1. 


1 

That means that, at fF = , 

27rRFCF 

(see Figure 5), that is: 


I A^l must be < 1 


|A/3lf = 


1 

277'RfCf 


GmoRs RfCf ^ ^ 
R 4 C V 2 


( 6 ) 


Im 

— (s) = 
Vi 


0.048 


1 + 


2iCJo 


1 + 


where: (Oo 


where: 


V 


2fs 

Ca)o 


0)1 


(7) 


GmoRs 
R 4 C RfCf 


is the cutoff frequency 


R 4 C 


4 RfCf Gmo Rs 


is the damping factor 


By choosing the ^ value, it is possible to determine the system 
response to an input step signal. Examples: 

1) f = 1 from which 


Im (t) = 


0.048 


[I- 


2RfCf 


(1 ■ 


t 


Rs ' ' 4 RfCf 

(where Vi is the amplitude of the input step). 
1 

2) f = —j= from which 

s/2 


)]-Vi 


0.048 

Im (t) = — (1 - cos 


t 


2RfCf 


t 

2 RfCf 


)Vi 


From Figure 7 it is possible to verify that the L292 works in 
“closed-loop” conditions during the entire motor current rise- 
time: the voltage at pin 7 (inverting input of the error amplifier is 
locked to the reference voltage Vr, present at the non-inverting 
input of the same amplifier. 

The previous linear analysis is correct for this example. 

Decreasing the f value, the rise-time of the current decreases. But 
for a good stability, from relationship (6), the minimum value of f 
is: 


1 


(phase margin = 45®) 



Figure 5. Open-Loop Frequency Response 


Closed-Loop System Step Response 
a) Small-signals analysis 

The transfer function (3) can be written as follows: 



Figure 6. Small Signal Step Response 

(Normalized Amplitude vs t/RpCp) 
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L292 


APPLICATION INFORMATION (continued) 



V7 = 200m\//div. 
Im = lOOmA/div. 
t = lOOps/div. 
with Vi = 1.5 Vp. 


Figure 7. Motor Current and Pin 7 Voltage Waveforms 

(Application of Figure 3). Small Signal Response 


b) Large signal response 

The large step signal response is limited by slew-rate and induc- 
tive load. In this case, during the rise-time of the motor current, 
the L292 works in open-loop condition, as can be seen from Figure 
8 . 



V 7 = IV/div. 

Im = 0.5A/div, 
t = SOO/zs/div. 


Figure 8. Motor Current and Pin 7 Voltage Waveforms 

(Application of Figure 3). Large Signal Response 


The voltage at pin 7 (inverting input ofthe error amplifier) departs 
from the reference voltage Vr present at the non-inverting input 
and the feedback loop is open. 

The feedback loop is on when the motor current reaches its 
steady-state value (2A). 


The cutoff frequency is derived from expression (9) by putting 


Im 


Vi 

from which: 
0.9 


= 0.707 ■ 


0.048 


-(-3dB); 


0.9 


(a)j - 


( 10 ) 


RfCf 


27rRFCF 


Note that Rf must be less than 1.5KO in order to have the maxi- 
mum current swing at the output of current sensing amplifier. 

Working Frequency and Motor Current Ripple 

For a value of rotation speed wthee.m.f. EisequaltoKE^t^.where 
Ke is the motor speed constant. 

Neglecting the motor resistance Rm, the VcEsat of the bridge 
transistors and the Vbe of the diodes, we have: 


Ati = 


At2 = - 


AIm 

Vs-E 

AIm 


- Lm (transistors conduction period) 


Lm (diodes conduction period) 


( 11 ) 


Vs + E 

Where AIm is the current ripple in the motor (see Figure 9). 
The working frequency is: 

1 


f = 


= Ati = At2 


( 12 ) 


2RtCt 

where Rjis the resistance at pin 11 and Cj the capacitor at pin 10. 
Rjmust be>8.2KQ due to the output current capability at pin 11. 

If we consider E = 0 (cj = 0; motor stopped) we have: 

AIm 


Ati = At2 = 


■ Lm 


(13) 


from this formula we can write 


. Vs 
AIm = “ — 
Lm 


(— = Ati =At2 = 


half period) (13 bis) 


The motor current ripple AIm must be limited in order to reduce 
dissipation in the motor and the peak output current ofthe L292. 

AlMmax should be less than 10% of iMmax (see Figure 9). 



Closed Loop System Bandwidth 

A good choice for f is the value MyJY. In this case: 


Im 0.048 1 + s RfCf 

(s) — ~ 2 ^ (3) 

Vi Rs 1 + 2s RfCf + 2s" Rf Cf 

The module of the transfer function is: (9) 



0.048 Zsjl + U)^ Rf°Cf^ 

Rs V[ (1 + 2w RfCf)' + 1] • [ (1 - 2w RfCf)“ + 1] 


From the equation (13 bis) and considering AIm = 0.1 Im max we 
have: 


0.1 iMmax - 

2f LMmin 

from which: 


LMmin ~ 


5 Vs 

f iMmax 


(14) 


(15) 
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L292 


The switching characteristics of the L292 demand that the work- 
ing frequency f is less than 30KHz. 

If for f = 30KHz, Lm is less than Lm min, an external inductor should 
be put in series with the motor. 

From relationship (15) we have: 

5 Vs 

Lseries - Lm (16) 

T iMmax 


Deadtime 

A problem associated with the system used in the L292 is the 
danger of simultaneous conduction in both legs of the output 
bridge which, if it were allowed to occur would damage them. To 
overcome this the comparator that drives the final stage in effect 
consists of two separate comparators (Figure 10): both receive 
the same Vt signal buton opposite inputs. The othertwo inputsare 
driven by Vth shifted by plusorminusRrI'. This voltage shift when 
compared with Vt results in a delay in switching from one compar- 
ator to the other. In this way there will always be a delay between 
switching off one leg of the bridge and switching on the other. The 
delay r is a function of the integrated resistor R 7 (1.5K) and an 
external capacitor Ct connected to pin 10 which also fixes oscilla- 
tor frequency. 

It is: T - RtCj 

In a typical application, a capacitor of 1.5nF is used to give a 
switching delay of 2.25/iS, a more than adequate time when you 
consider that the switch-off delay of the integrated transistors is 
only 0.5/iS. 



Figure 10. L292 Deadtime Control 


Efficiency and Power Dissipation 

The expression for the bridge efficiency, independently of the 
losses due to the switching times and neglecting the dissipation 
due to the motor current ripple, is: 


_ ^ _ Ati Vsat At 2 Vover 

^ Ati + At 2 Vs Ati + At 2 Vs 

where Vover — 2V (2Vbe + RsIm) 

Vsat = 4V (2Vce sat + 3Vbe) 

Ati = transistors conduction period. 
At 2 = diodes conduction period. 

If Ati » At 2 and Vs = 20V, we obtain: 


^ = 1 - 


_4_ 

20 


= 80% 


(17) 


(18) 


In practice, the efficiency will be slightly lower due to the signal 
circuit dissipation (IW @ 20V) and the finite switching times 
(about IW). If we transfer to the motor a power of 40W the bridge 
power dissipation from (18) is lOW and the total dissipation is 
12W. This is an actual efficiency of 77%. Considering a maximum 
dissipation equal to 20W for the L292 (Multiwatt package), it is 
possible to handle continuous powers greater than 60W. 

EXAMPLE 



a) Data — Motor characteristics: Lm = 5mH 

Rm = 5fi 
Lm/Rm = 1 msec 

— Voltage and current characteristics: 

Vs = 20V Im = 2A Vi = 8.3V 
— Closed loop bandwidth: 3kHz. 


b) Calculation — From relationship (4): 


Rs = 


0.048 

Im 


Vi = 0.2Q 


and from ( 1 ): 


Gmo - 


2Vs 

RmVr 


1Q-' 


— RC = 1msec [from expression (2)]. 

— Assuming i = l/\/2; from (7) follows: 

^ 1 400 C 

^ ‘ 2 " 4 RfCf • 0.2 


The cutoff frequency is: 


fi 


143 • 10 ^ 
RfCf 


= 3kHz 


c) Summarizing — RC = 1 • 10”^ sec 
1000 C 

= 1 

RfCf 

— RfCf — 47^/s 


C = 47nF 

R =22KO 

For Rf = 510n 
Cf= 92nF 
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LINEAR INTEGRATED CIRCUITS 

Push-Pull Four Channel Driver 


L293 

L293D 


FEATURES 

• Output current lA per channel 
(600,mA for L293D) 

• Peak output current 2A per channel 
(1.2A for L293D) 

• Inhibit facility 

• High noise immunity • 

• Separate logic supply 

• Over-temperature protection 


DESCRIPTION 

The L293 and L293D are quad push-pull drivers capable of delivering output currents to 
lA or 600mA per channel respectively. Each channel is controlled by a TTL-compatible 
logic input and each pair of drivers (a full bridge) is equipped with an inhibit input 
which turns off all four transistors. A separate supply input is provided for the logic so 
that it may be run off a lower voltage to reduce dissipation. 

Additionally the L293D includes the output clamping diodes within the 1C for complete 
interfacing with inductive loads. 

Both devices are packaged in 16-pin plastic DIPs; both use the four center pins to conduct 
heat to the printed circuit boards. 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Vc 36V 

Logic Supply Voltage, Vss 36V 

Input Voltage, Vi 7V 

Inhibit Voltage, Vinh. 7V 

Peak Output Current (Non-Repetitive), lout (L293) 2A 

lout (L293D) 1.2A 

Total Power Dissipation at Tg round-pins = 80®C, Ptot 5W 


Storage and Junction Temperature, Tstg, Tj -40 to +150®C 


THERMAL DATA 

Thermal Resistance Junction-Case, ^jc 14°C/W max 

Thermal Resistance Junction-Ambient, ^ja 80°C/W max 


BLOCK DIAGRAM 

I L293 



CONNECTION DIAGRAM 






DIL-16 (TOP VIEW) 





N PACKAGE 

CHIP INHIBIT 1 [ 

1 


16 

] Vss 

INPUT 1 [ 

2 


15 

1 INPUT 4 

OUTPUT 1 [ 

3 


14 

] OUTPUT 4 

GND [ 

4 


13 

] GND 

GND [ 

5 


12 

1 GND 

OUTPUT 2 [ 

6 


11 

] OUTPUT 3 

INPUT 2 [ 

7 


10 

] INPUT 3 

Vc[ 

8 


9 

] CHIP INHIBIT 2 


TRUTH TABLE 


Vi (each channel) 

Vinh.* 

Vo 

H 

H 

H 

L 

H 

L 

H 

L 

X** 

L 

L 

X** 


*Relative to the considered channel. 
**High output impedance. 


MECHANICAL DATA 


L293 
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L293D 


ELECTRICAL CHARACTERISTICS (For each channel, Vc = 24V, Vss = 5V, Tamb = 25°C, unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Collector Supply Voltage 

Vc 




36 

V 

Logic Supply Voltage 

Vss 


4.5 


36 

V 

Collector Supply Current 

Ic 

Vi = L, lo = 0, Vinh. = H 


2 

6 

mA 

Vi = H. lo = 0, Vinh. = H 


16 

24 

Vinh. “ L 



4 

Total Quiescent Logic Supply Current 

Iss 

Vi = L, lo = 0, Vinh. = H 


44 

60 

mA 

Vi = H. lo = 0, Vinh. = H 


16 

22 

Vinh. = L 


16 

24 

Input Low Voltage 

ViL 


-0.3 


1.5 

V 

Input High Voltage 

ViH 

Vss < 7V 

2.3 


Vss 

V 

Vss > 7V 

2.3 


7 

Low Voltage Input Current 

liL 

Vi = L 



-10 

/t^A 

High Voltage Input Current 

liH 

X 

II 

> 


30 

100 


Inhibit Low Voltage 

Vinh.L 


-0.3 


1.5 

V 

Inhibit High Voltage 

Vinh.H 

Vss < 7V 

2.3 


Vss 

V 

Vss > 7V 

2.3 


7 

Low Voltage Inhibit Current 

linh.L 



-30 

-100 

^A 

High Voltage Inhibit Current 

linh.H 




10 


Source Output Saturation Voltage 

VcEsatH 

lo = -lA (-0.6A for L293D) 


1.4 

1.8 

V 

Sink Output Saturation Voltage 

VcEsatL 

lo = lA (0.6A for L293D) 


1.2 

1.8 

V 

Clamp Diode Forward Voltage (L293D only) 

Vf 

If = 0.6 A 


1.3 


V 

Rise Time 

tr 

0.1 to 0.9 Vo (See Figure 1) 


250 


ns 

Fall Time 

tf 

0.9 to 0.1 Vo"(See Figure 1) 


250 


ns 

Turn-On Delay 

tON 

0.5 Vi to 0.5 Vo (See Figure 1) 


450 


ns 

Turn-Off Delay 

tOFF 

0.5 Vi to 0.5 Vo (See Figure 1) 


200 


ns 
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L293 

L293D 


Figure 2. Quiescent Logic Supply Current vs 

Figure 1. Switching Times Logic Supply Voltage Figure 3. Output Voltage vs InputJtoltage 



Figure 5. L293 Source Saturation vs Figure 6. L293 Sink Saturation Voltage vs 
Figure 4. L293 Saturation vs Output Current Ambient Temperature Ambient Temperature 



0 0,5 1 1.5 -50 0 50 100 -50 0 50 100 

lo-(A) Tamb-(X) Tamb-(°C) 

NOTE: For L293D curves, multiply output current by 0.6 


Figure 7. DC Motor Controls (with Connection to Ground 
and to the Supply Voltage) 



Figure 8. Bidirectional DC Motor Control 



Vinh. 

A 

Ml 

B 

M2 

H 

H 

Fast Motor Stop 

H 

Run 

H 

L 

Run 

L 

Fast Motor Stop 

L 

X 

Free Running 

Motor Stop 

X 

Free Running 

Motor Stop 


L = Low H = High X = Don’t care 
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INPUTS 1 

FUNCTION 


C = H;D=L 

Turn Right 

Vinh. = H 

C = L; D = H 

Turn Left 


C = D 

Fast Motor Stop 

Vinh. = L 

C = X; D = X 

Free Running 

Motor Stop 


L = Low H = High X = Don't care 
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L293 

L293D 


Figure 9. Bipolar 

Stepping Motor 
Control 



MOUNTING INSTRUCTIONS 

The Rthj-amp of the L293 can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit board or to an 
external heatsink. 


copper areas having a thickness of 35/i (see Figure 12). In 
addition, it is possible to use an external heatsink (see Figure 14). 

During soldering the pins' temperature must not exceed 260®C 
and the soldering time must not be longer than 12 seconds. 



Thediagramof Figure 13 shows the maximum package power Ptot The external heatsink or printed circuit copper area must be 

and the 0 ja as a function of the side " i ” of two equal square connected to electrical ground. 



Figure 11. External Heatsink Mounting Example 
(0JA = 25“C/W) 



Figure 12. Maximum Package Power and Junction to 
Ambient Thermal Resistance vs Size “ / ” 



80 


60 

40 


20 


0 


5 

o 


0 10 20 30 40 


Side/ — mm 


Figure 13. Maximum Allowable Power Dissipation vs 
Ambient Temperature 



Tamb — ("C) 
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LINEAR INTEGRATED CIRCUITS 

Dual Full-Bridge Driver Power 


L298 


FEATURES 

• Operating Supply Voltage up to 46V 

• Total Saturation Voltage 
3.4V max at lA 

• Overtemperature Protected 

• Operates in Switched and Linear 
Regulation Modes 

• 25W Power-Tab Package for Low 
Installed Cost 

• Individual Logic Inputs for Each Driver 

• Channel-Enable Logic Inputs for Driver 
Pairs 


DESCRIPTION 

The L298 is a power integrated circuit usable for driving resistive and inductive loads. 
This device contains four push-pull drivers with separate logic inputs. Two enable inputs 
are provided for power down and chopping. Each driver is capable of driving loads up to 
2A continuously. 

Logic inputs to the L298 have high input thresholds (1.85V) and hysteresis to provide 
trouble-free operation in noisy environments normally associated with motors and 
inductors. The L298 input currents and thresholds allow the device to be driven by TTL 
and CMOS systems without buffering or level shifting. 

The emitters of the low-side power drivers are separately available for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 

Separate logic and load supply lines are provided to reduce total 1C power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298 ideal for systems that require low standby current, such as portable or battery- 
operated equipment. 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Power Supply, Vs 50V 

Logic Supply Voltage, Vss 7V 

Input and Inhibit Voltage, Vi, Vjnhibit -0.3V to +7V 

Peak Output Current (each channel), lo 

Non-Repetitive (t = lOOyt/s) 3A 

Repetitive (80% on - 20% off; toN = 10ms) 2.5A 

DC Operation 2A 

Sensing Voltage, Vsens -IV to +2.3V 

Total Power Dissipation (Tease = 75®C), Ptot 25W 

Storage and Junction Temperature, Tstg, Tj -40®C to +150®C 


THERMAL DATA 

Thermal Resistance Junction-Case, Rth j-case 3®C/W max. 

Thermal Resistance Junction-Ambient, Rth j-amb 35®C/W max. 



CURRENT SENSING B 
OUTPUT 4 
OUTPUT 3 
INPUT 4 
ENABLE B 
INPUT 3 

LOGIC SUPPLY VOLTAGE Vss 

GROUND 

INPUT 2 

ENABLE A 

INPUT 1 

SUPPLY VOLTAGE Vs 
OUTPUT 2 
OUTPUT 1 

CURRENT SENSING A 


BLOCK DIAGRAM 


OUTl OUT2 Vs OUTS 0UT4 
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ELECTRICAL CHARACTERISTICS (for each channel. Vs = 42V, Vss = 5V, Tj = 25°C) 


PARAMETERS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage (Pin 4), Vs 

Operative Condition 

Vih+2.5 


46 

V 

Logic Supply Voltage (Pin 9), Vss 


4.5 


7 

V 

Quiescent Supply Current (Pin 4), Is 

II 

> 

X 

II 

£ 

C 

> 


3 

7 

mA 

X 

II 

> 

o 

II 


15 

20 

Vinh. - L 



1 

Quiescent Current from Vss (Pin 9), Us 

II 

> 

X 

II 

£ 

c 

> 


5 

10 

mA 

X 

II 

> 

o 

II 


1.5 

3 

Vinh. = L 


1 

1.5 

Input Low Voltage (Pins 5, 7, 10, 12), Vi l 


-0.3 


1.5 

V 

Input High Voltage (Pins 5, 7, 10, 12), Vi h 


2.3 


Vss 

Low Voltage Input Current (Pins 5, 7, 10, 12), h l 

Vi = L 



1 

o 

aA 

High Voltage Input Current (Pins 5, 7, 10, 12), h h 

Vi = H 


30 

100 

Inhibit Low Voltage (Pins 6, 11), Vinh. l 


-0.3 


1.5 

V 

Inhibit High Voltage (Pins 6, 11), Vinh. h 


2.3 


7 

Low Voltage Inhibit Current (Pins 6, 11), linh. l 

Vinh. = L 



-10 

aA 

High Voltage Inhibit Current (Pins 6, 11), linh. h 

Vinh. = H < Vss -0.6V 


30 

100 

Source Saturation Voltage, Vce sat(H) 

< 

1—1 

II 

_-J 


1.2 

1.8 

V 

II = 2A 


1.8 

2.8 

Sink Saturation Voltage, Vce sat(L) 

< 

II 

_i 


1-2 

1.8 

V 

< 

CM 

II 

-t 


1.7 

2.6 

Total Drop, Vce sat 

r 

II 

> 



3.4 

V 

Il = 2A 



5.2 

Sensing Voltage (Pins 1, 15), Vsens 


-i"> 


2 

V 

Source Current Turn-Off Delay, Ti(Vi) 

0.5 Vi to 0.9 


1.7 


AS 

Source Current Fall Time, T 2 (Vi) 

0.9 ktoO.l 


0.2 


AS 

Source Current Turn-On Delay, T 3 (Vi) | 

0.5 Vi to 0.1 


2.5 


AS 

Source Current Rise Time, T 4 (Vi) 

0.1 II to 0.9 II 


0.35 


AS 

Sink Current Turn-Off Delay, T 5 (Vi) 

0.5 Vi to 0.9 II 


0.7 


AS 

Sink Current Fall Time, T6(Vi) 

0.9 II to 0.1 


0.2 


/J3 

Sink Current Turn-On Delay, T 7 (Vi) 

0.5 Vi to 0.1 


1.5 


AS 

Sink Current Rise Time, T8(Vi) 

0.1 lLtoO.9 


0.2 


AS 

Commutation Frequency, fc 

Il= 2A 


25 

40 

KHz 


1) Sensing voltage can be -IV for t < 50//S: in steady state Vgens niin 2: —0.5V. 

2) See figure la. 

3) See figure 2a. 
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L298 


SWITCHING CHARACTERISTICS 

Figure 1. Switching times test circuits. Figure la. Source Current Delay Times vs. Input or Enable Chopper. 



Figure 2. Switching Times Test Circuits. 2a. Sink Current Delay Times vs. Input or Enable Chopper. 



NOTE: For INPUT chopper, set EN = H. 


APPLICATIONS 

Figure 3. Bi-Directional DC Motor Control. 



D1 TO D4: UESllOl OR EQUIVALENT 


OR UC3610 DIODE ARRAY 
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L298D 


LINEAR INTEGRATED CIRCUITS 

Dual Full-Bridge Driver Power 


FEATURES 

• Operating Supply Voltage up to 46V 

• Overtemperature Protected 

• Operates in Switched and L/R Current 
Regulation Modes 

• 25W Power-Tab Package for Low 
Installed Cost 

• Individual Logic Inputs for Each Driver 

• Channel-Enable Logic Inputs for Driver 
Pairs 

• Internal Diodes Minimize Parts Count 


DESCRIPTION 

The L298D is a power integrated circuit usable for driving resistive and inductive loads. 
This device contains four push-pull drivers with separate logic inputs. Two enable inputs 
are provided for pow^. down and ,..'""iDping. Each driver is capable of driving loads up to 
lA continuously. 

The L298D features internal diodes for clamping output excursions when driving 
inductive loads, such as motors and transmission lines. For most applications, these 
diodes can completely replace all external clamp diodes. In certain cases, however, 
additional output catch diodes may be valuable for reducing recovery time or power 
dissipation. 

Logic inputs to the L298D have high input thresholds (1.85V) and hysteresis to provide 
trouble-free operation in noisy environments normally associated with motors and 
inductors. The L298D input currents and thresholds allow the device to be driven by 
TTL and CMOS systems without buffering or level shifting. 

The emitters of the low-side power drivers are available in pairs for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 

Separate logic and load supply lines are provided to reduce total 1C power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298D ideal for systems that require low standby current, such as portable or battery- 
operated equipment. 


CONNECTION DIAGRAM (TOP VIEW) 



CURRENT SENSING B 
OUTPUT 4 
OUTPUT 3 
INPUT 4 
ENABLE B 
INPUT 3 

LOGIC SUPPLY VOLTAGE Vsa 

GROUND 

INPUT 2 

ENABLE A 

INPUT 1 

SUPPLY VOLTAGE Vs 
OUTPUT 2 
OUTPUT 1 

CURRENT SENSING A 


V PACKAGE 


BLOCK DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vs 50V 

Logic Supply Voltage, Vss 7V 

Input and Enable Voltage, Vj, Ven -0.3V to +7V 

Peak Output Current (each channel), I© 

Non-Repetitive (t = lOOyws) 1.5A 

Repetitive (80% on - 20% off; toN = 10ms) 1.2A 

DC Operation lA 

Sensing Voltage, Vsens -IV to +2.3 V 

Total Power Dissipation (Tease = 75 ^ 0 ), Ptot 25W 

Storage and Junction Temperature, Tstg, Tj -40°C to +150°C 

THERMAL DATA 

Thermal Resistance Junction-Case, Rth j -case 3°C/W max. 

Thermal Resistance Junction-Ambient, Rth j-amb 35°C/W max. 



3/87 
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L298D 


ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vss = 5V. Tj = 25°C) 


PARAMETERS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage (Pin 4), Vs 

Operative Condition 

Vih+2.5 


46 

V 

Logic Supply Voltage (Pin 9), Vss 


4.5 


7 

V 

Quiescent Supply Current (Pin 4), Is 

Ver = H Vi = L 


3 

7 

mA 

X 

II 

> 

o 

II 

-1 


15 

20 

Ver = L 



1 

Quiescent Current from Vss (Pin 9), Us 

_i 

II 

> 

X 

II 

c 

m 

> 


5 

10 

mA 

X 

II 

> 

o 

II 


1.5 

3 

— J 

II 


1 

1.5 

Input Low Voltage (Pins 5, 7, 10, 12), Vi l 


-0.3 


1.5 

V 

Input High Voltage (Pins 5, 7, 10, 12), Vj h 


2.3 


Vss 

Low Voltage Input Current (Pins 5, 7, 10, 12), Ij l 

Vi = L 



-10 


High Voltage Input Current (Pins 5, 7, 10, 12), Ij h 

X 

II 

> 


30 

100 

Enable Low Voltage (Pins 6, 11), Ver l 


-0.3 


1.5 

V 

Enable High Voltage (Pins 6, 11), Ver h 


2.3 


i 

Low Voltage Enable Current (Pins 6, 11), Ier l 

Ver = L 



0 

1 


High Voltage Enable Current (Pins 6, 11), Ier h 

Ver = H < Vss -0.6V 


30 

100 

Source Saturation Voltage, Vce sat(H) 

< 

II 


1.2 

2.2 

V 

Sink Saturation Voltage, Vce satcu 

< 
«— 1 

II 


1.4 

2.2 

V 

Total Drop, Vce sat 

Il = lA 


2.6 

4.2 

V 

High-Side Diode Voltage, Vd(H) 

< 

t-H 

II 

-1 


1.6 

2.1 

V 

Low-Side Diode Voltage, Void 

1l= 1A 


1.6 

2.1 

V 

Sensing Voltage (Pins 1, 15), Vssrs 


-i"’ 


2 

V 

Source Current Turn-Off Delay, Ti(Vi) 

0.5 Vi to 0.9 II 


1.7 


fjS 

Source Current Fall Time, T 2 (Vi) 

0.9 iLtoO.l II^’ 


0.2 


fjS 

Source Current Turn-On Delay, T 3 (Vi) 

0.5 Vi to 0.1 Il‘^’ 


2.5 


fjS 

Source Current Rise Time, T 4 (Vj) 

0.1 lLtoO.9 II^’ 


0.35 


fjS 

Sink Current Turn-Off Delay, T 5 (Vi) 

0.5 Vi to 0.9 II^’ 


0.7 


/iS 

Sink Current Fall Time, T6(Vi) 

0.9 iLtoO.l II^’ 


0.2 


fiS 

Sink Current Turn-On Delay, T 7 (Vi) 

0.5 Vi to 0.1 II^’ 


1.5 


fjS 

Sink Current Rise Time, T8(Vi) 

0.1 II to 0.9 II 


0.2 


fjS 

Commutation Frequency, fc 

r 

II 

> 


25 

40 

KHz 


1) Sensing voltage can be -IV for t < SO/yS; in steady state Vsens rnin > —0.5V. 

2) See figure la. 

3) See figure 2a. 
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L298D 


SWITCHING CHARACTERISTICS 

Figure 1. Switching times test circuits. 


Figure la. Source Current Delay Times vs. Input. 



NOTE: For INPUT chopper, set EN = H. 



Figure 2. Switching Times Test Circuits. 


Figure 2a. Sink Current Delay Times vs. Input. 




NOTE: For INPUT chopper, set EN = H. 


APPLICATIONS 

Figure 3. Bi-Directional DC Motor Control. 


+Vs 




INPUTS 

FUNCTION 

VEn = H 

C = H:D = L 

Turn right 

C = L; D = H 

Turn left 

C = D 

Fast motor stop 

_i 

II 

c 

LU 

> 

C = X; D = C 

Free running 
motor stop 


L = Low 
H = High 
X = Don’t Care 
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LINEAR INTEGRATED CIRCUITS 

Stepper Motor Drive Circuit 


UC1517 

UC3517 


FEATURES 

• Complete Motor Driver and Encoder 

• Continuous Drive Capability 350mA 
per Phase 

• Contains all Required Logic for Full and 
Half Stepping 

• Bilevel Operation for Fast Step Rates 

• Operates as a Voltage Doubler 

• Useable as a Phase Generator and/or 
as a Driver 

• Power-On Reset Guarantees Safe, 
Predictable Power-Up 

• Monolithic Construction 

• 16 Lead Plastic or Hermetic DIL 
Package 


DESCRIPTION 

The UC3517 contains four NPN drivers that operate in two-phase fashion for full-step 
and half-step motor control. The UC3517 also contains two emitter followers, two 
monostables, phase decoder logic, power-on reset, and low-voltage protection, making it 
a versatile system for driving small stepper motors or for controlling large power 
devices. 

The emitter followers and monostables in the UC3517 are configured to apply hrgher- 
voltage pulses to the motor at each step command. This drive technique, called 
“Bilevel,” allows faster stepping than common resistive current limiting, yet generates 
less electrical noise than chopping techniques. 

ORDERING INFORMATION Operating Temperature Range 

UC1517J, CERDIP -55°Cto+125°C 

UC3517J, CERDIP 0°C to +70°C 

UC3517N, Plastic Package 0°C to +70°C 


ABSOLUTE MAXIMUM RATINGS 

Second Level Supply, Vss 40V 

Phase Output Supply, Vmm 40V 

Logic Supply, Vcc 7V 

Logic Input Voltage, Vin -.3V to +7V 

Logic Input Current, Ijn ±10mA 

Output Current, Each Phase, Iphase - 500mA 

Output Current, Emitter Follower, Uecond -500mA 

Power Dissipation, 50°C, CERDIP, Pdiss IW 

Derate 10mW/°C Above 50°C 

Power Dissipation, 25°C, Plastic Package, Pdiss 2W 

Derate 10mW/®C above 25°C 

Junction Temperature, Tjunct 150°C 

Ambient Temperature, UC1517, Tambient -55°C to +125°C 

Ambient Temperature, UC3517, Tambient 0°C to +70‘’C 

Storage Temperature, Tstorage -55°C to +150°C 

BLOCK DIAGRAM 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 


J or N PACKAGE 


Pb2 [T 


Te] Vcc 

Pbi[T 


^ Vss 

GND |T 


3 Lb 

Pai [T 


^ La 

Pa2 


^ RC 

DIR [T 


INH 

STEP [T 


^ HSM 

0a|T 


J] 0B 
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UC1517 

UC3517 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1517 and 
0°Cto +70°CfortheUC3517; Vcc = 5V; Vss = 20V.) 


PARAMETER 

TEST CONDITIONS 

UC1517 

UC3517 

UNITS 

MIN. 

TYP. 

MAX. 

Logic Supply, Vcc 

Pin 16 

4.75 


5.25 

V 

Second Supply, Vss 

Pin 15 

10 


40 

V 

Logic Supply Current 

ViNH = 0.4V 


45 

60 

mA 

Logic Supply Current 

ViNH = 4.0V 


12 


mA 

Input Low Voltage 

Pins 6, 7, 10, 11 



0.8 

V 

Input High Voltage 

Pins 6, 7, 10, 11 

2.0 



V 

Input Low Current 

Pins 6, 7, 10, 11; V = 0V 



-400 

aA 

Input High Current 

Pins 6, 7, 10, 11; V = 5V 



20 

aA 

Phase Output Saturation Voltage 

Pins 1, 2, 4, 5; 1 = 350mA 


0.6 

0.85 

V 

Phase Output Leakage Current 

Pins 1, 2, 4, 5; V = 39V 



500 

aA 

Follower Saturation Voltage to Vss 

Pins 13, 14; 1 = 350mA 



-2 

V 

Follower Leakage Current 

Pins 13, 14; V = OV 



500 

aA 

Output Low Voltage, (p^, 0b 

Pins 8, 9; 1 = 1.6mA 


0.1 

0.4 

V 

Phase Turn-On Time 

Pins 1,2, 4,5 


2 


aS 

Phase Turn-Off Time 

Pins 1, 2, 4, 5 


1.8 


aS 

Second-Level On Time, tmono 

Pins 13, 14; Figure 3 Test Circuit 

275 

325 

375 

aS 

Logic Input Set-Up Time, ts 

Pins 6, 10; Figure 4 

400 



nS 

Logic Input Hold Time, th 

Pins 6, 10; Figure 4 

0 



nS 

STEP Pulse Width, tp 

Pin 7; Figure 4 

800 



nS 

Timing Resistor Value 

Pin 12 

IK 


lOOK 

n 

Timing Capacitor Value 

Pin 12 

0.1 


500 

nF 

Power-On Threshold 

Pin 16 


4.3 


V 

Power-Off Threshold 

Pin 16 


3.8 


V 

Power Hysteresis 

Pin 16 


0.5 


V 



+5 +20 +20 



Figure 3. Test Circuit 
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UC1517 

UC3517 


PIN DESCRIPTIONS 

Vcc'- Vcc is the UC3517's logic supply. Connect to a regulated 
5VDC, and bypass with a O.l/^F ceramic capacitor to absorb 
switching transients. 

Vmm: Vmm is the primary motor supply. It connects to the UC3517 
phase outputs through the motor windings. Limit this supply to 
less than 40V to prevent breakdown of the phase output transis- 
tors. Select the nominal Vmm voltage for the desired continuous 
winding current. 

Vss: Vss is the secondary motor supply. It drives the La and Lb 
outputs of the LIC3517 when a monostable in the UC3517 is 
active. In the bilevel application, this supply is applied to the 
motor to charge winding inductance faster than the primary 
supply could. Typically, Vss is higher in voltage than Vmm* 
although Vss must be less than 40V. The Vss supply should have 
good transient capability. 

GROUND; The ground pin is the common reference for all sup- 
plies, inputs, and outputs. 

RC: RC controls the timing functions of the monostables in the 
UC3517. It is normally connected to a resistor (Rj) and a capaci- 
tor (Ct) to ground, as shown in Figure 3. Monostable on time is 
determined by the formula: Ton « 0.69 Rt Cj. To keep the mono- 
stable on indefinitely, pull RC to Vcc through a 50k resistor. The 
LIC3517 contains only one RC pin for two monostables. If step 
rates comparable to Ton are commanded, incorrect pulsing can 
result, so consider maximum step rates when selecting Rj and Ct- 
Keep Ton ^ Tstep max- 

0Aand 0 b: These logic outputs indicate half-step position. These 
outputs are open-collector, low-current drivers, and may directly 
drive TTL logic. They can also drive CMOS logic if a pull-up resistor 
is provided. Systems which use the LjC3517 as an encoder and 
use a different driver can use these outputs to disable the external 
driver, as shown in Figure 8. The sequencing of these outputs is 
shown in Figure 5. 


Pai» Pa 2 . Pair aid Pb 2 : The phase outputs pull to ground sequen- 
tially to cause motor stepping, according to the state diagram of 
Figure 5. The sequence of stepping on these lines, as with the La 
and L b lines is controlled by theSFEP input, the DIR input, and the 
HSM input. Caution: If these outputs or any other 1C pins are 
pulled too far below ground either continuously or in a transient, 
step memory can be lost. It is recommended that these pins be 
clamped to ground and supply with high-speed diodes when 
driving inductive loads such as motor windings or solenoids. This 
clamping is very important because one side of the winding can 
“kick” in a direction opposite the swing of the other side. 

La and Lb: These outputs pull to Vss when their corresponding 
monostable is active, and will remain high until the monostable on 
time elapses. Before and after, these outputs are high- 
impedance. For detailed timing information, consult Figure 5. 

STEP: This logic input clocks the logic in the LIC3517 on every 
falling edge. Like all other UC3517 inputs, this input isTTL/CMOS 
compatible, and should not be pulled below ground. 

DIR: This logic input controls the motor rotation direction by 
controlling the phase output sequence as shown in Figure 5. This 
signal must be stable 400nS before a falling edge on STEP, and 
must remain stable through the edge to insure correct stepping. 

HSM: This log ic input switches the LIC35 17 b etween half- 
stepping (HSM = low) and full-stepping (HSM = high) by 
controlling the phase output sequence as shown in Figure 5. This 
line requires the same set-up time as the DIR input, and has the 
same hold requirement. 

INH: When the inhibit input is high, the phase and 0 outputs are 
inhibited (high-impedance). STEPpulses received while inhibited 
will continue to update logic in the 1C, but the states will not be 
reflected at the outputs until inhibit is pulled low. In stepper motor 
systems, this can be used to save power or to allow the rotor to 
move freely for manual repositioning. 


OPERATING MODES 

The LIC3517 is a system component capable of many different 
operating modes, including: 

Unipolar Stepper Driver: In its simplest form, the LIC3517 can be 
connected to a stepper motor as a unipolar driver. La, Lb, RC and 
Vss are not used, and may be left open. All other system design 
considerations mentioned above apply, includingchoice of motor 
supply Vmm, undershoot diodes, and timing considerations. 

Unipolar Bilevel Stepper Driver: If increased step rates are 
desired, the application circuit of Figure 6 makes use of the 
monostables and emitter followers as well as the configuration 
mentioned above to provide high-voltage pulses to the motor 
windings when any phase is turned on. For a given dissipation 
level, this mode offers faster step rates, and very little additional 
electrical noise. 

The choice of monostable components can be estimated based 
on the timing relationship of motor current and voltage: V = 
Ldl/dt. Assuming a fixed secondary supply voltage (Vss), a fixed 
winding inductance (Lm), a desired winding peak current (U), 
and no back EMF from the motor, we can estimate that Rj Ct = 
1.449 IwLm/Vss- In practice, these calculations should be con- 
firmed and adjusted to accommodate for effects not modeled. 


Voltage-Doubler Mode: The UC3517 can also be used to generate 
higher voltages than available with system power supplies using 
capacitors and diodes. Figure 9 shows how this might be done, 
and gives some estimates for component values. 

Higher-Current Operation: For systems requiring more than 
350mA of drive per phase the UC3517 can be used in conjunction 
with discrete power transistors or power driver ICs, like the L298. 
These can be connected as current gain devices that turn on when 
the phase outputs turn on. 

Bipolar Motor Driver: Bipolar motors can be controlled by the 
UC3517 with the addition of bipolar integrated drivers such as the 
UC3717A (Figure 8) and the L298, or discrete devices. Care 
should be taken with discrete devices to avoid potential cross- 
conduction problems; 
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UC1517 

UC3517 



Figure 5. Logic Flow Graph 

LOGIC FLOW GRAPH 



The UC3517 contains a bidirectional counter which is decoded to 
generate the correct phase and (p outputs. This counter is incre- 
mented on every falling edge of the STEP input. Figure 5 shows a 
graph representing the coun ter sequence, inputs that determine 
the next state (DIR and HSM), and the outputs at each state. Each 
circle represents a unique logic state, and the four inside circles 
represent the half-step states. 

The four bits inside the circles represent the phase outputs in 
each state (Pai , Pa 2 , Pbi , and Pb 2 )- For example, the circle labeled 
1010 is immediately entered when the device is powered up, and 
represents Pai off (“1” or high), PA 2 on ("0” or low), Pbi off C'T’or 
high), and Pb 2 on (“0” or low). The 0 a and 0 b outputs are both low 
(unidentified). 


The arrows in the graph show the state changes. For example, if 
the 1C is in state 01 10, DIR is high, HSM is high, and STEP falls, the 
next state will be 0101, and a pulse will degenerated on the Lb line 
by the monostable. 

Inhibit will not effect the logic state, but it will cause all phase 
outputs and both 0 outputs to go high (off). A falling edge on STEP 
will still cause a state change, but inhibit will have to toggle low for 
the state to be apparent. 

A falling edge on STEP with HSM high will cause the counter to 
advance to the next full step state regardless of whether or not it 
was in a full step state previously. 

No La or Lb pulses are generated entering half-states. 
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+5 Vss Vmm MOTOR Vs 



Figure 6. Bilevel Motor Driver 


For applications requiring very fast step rates, a zener diode 
permits windings to discharge at higher voltages, and higher 
rates. Driver transistor breakdown must be considered when 
selecting Vss and zener voltage to insure that the outputs will not 
overshoot past 40V. If the zener diodes are not used and UC3610 
pin 2 is connected directly to Vss, then higher Vss can be used. 



Experimental selection of Rt and Cj allow the designer to select a 
small amount of winding current overshoot, as shown above. 
Although the overshoot may exceed the continuous rated current 
of the winding and the drive transistors, the duration can be well 
controlled. Average power dissipation for the driver and motor 
must be considered when designing systems with intentional 
overshoot, and must stay within conservative limits for short duty 
cycles. 


UC1517 

UC3517 
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+5 


UC1517 

UC3517 


lOK +5 +5 Vmm Vmm 



Figure 8. Interface to UC3717 Bipolar Driver 

In this application, the 0 a and 0 b outputs of the UC3517 are 
connected to the current program inputs of the UC3717. This 
allows the UC3517 inhibit signal to inhibit the UC3717, and also 
allows half-step operation of the UC3717. Peak motor winding 
current will be limited to approximately .42V/R| by chopping. 



+5 Vmm 



Figure 9. Using the UC3517 as a Voltage Doubler 


Although component values can be best optimized experi- 
mentally, good starting values speed development. For this 
design, start with: where; 

Rt Ct = 3 Lw/Rw Lw is winding inductance. 

Cl = C 2 = Lw Ir/Rw Rw is winding resistance, 

Ri = R 2 = 2.9 Tmin/Ci Ir is rated winding current, and 

Tmin is minimum step period expected. 
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UNITRODE INTEGRATED CIRCUITS 

DUAL Schottky Diode Bridge 


UC1610 

UC3610 


FEATURES DESCRIPTION 

• Monolithic Eight-Diode Array j^jg eight-diode array is designed for high-current, low duty-cycle applications typical of 

• Exceptional Efficiency flyback voltage clamping for inductive loads. The dual bridge connection makes this 

• Low Forward Voltage device particularly applicable to bipolar driven stepper motors. 

• Fast Recovery Time The use of Schottky diode technology features high efficiency through lowered forward 

• High Peak Current voltage drop and decreased reverse recovery time. 

• Small Size This single monolithic chip is fabricated in both hermetic cerdip and copper-leaded plastic 

minidip packages. The UC1610 In ceramic is designed for -55°C to +125°C environments 
but with reduced peak current capability: while the UC3610 in plastic has higher current 
rating over a 0®C to 70°C ambient temperature range. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode) 50V 

Peak Forward Current 

UC1610 lA 

UC3610 3A 

Power Dissipation at Ta = 70°C IW 

Derate 12.5mW/®C above 70°C 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (Soldering, 10 Seconds) 300®C 


CONNECTION DIAGRAM 







UC1610 

UC3610 


ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. Tj = 25°C except as noted.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Forward Voltage Drop 

If = 100mA 

If=1A 

0.4 

0.8 

0.5 

1.0 

0.7 

1.3 

V 

Leakage Current 

Vr = 40V 

Vr = 40V, Tj = 100°C 


.01 

0.1 

0.1 

1.0 

mA 

Reverse Recovery 

.5A Forward to .5A Reverse 


15 


nSec 

Forward Recovery 

lA Forward to I.IV Recovery 


30 


nSec 

Junction Capacitance 

Vr = 5V 


70 


PF 


Note: At forward currents of greater than l.OA, a parasitic current of approximately 10mA may be collected by adjacent diodes. 



0 10 20 30 40 50 

REVERSE VOLTAGE - (V) 



0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 


FORWARD VOLTAGE - (V) 
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LINEAR INTEGRATED CIRCUITS 

Phase Locked Frequency Controller 


UC1633 

UC2633 

UC3633 


FEATURES 

• Precision Phase Locked Frequency 
Control System 

• Crystal Oscillator 

• Programmable Reference Frequency 
Dividers 

• Phase Detector with Absolute 
Frequency Steering 

• Digital Lock Indicator 

• Double Edge Option on the Frequency 
Feedback Sensing Amplifier 

• Two High Current Op-Amps 

• 5V Reference Output 


DESCRIPTION 

The UC1633 family of integrated circuits was designed for use in phase locked 
frequency control loops. While optimized for precision speed control of DC motors, 
these devices are universal enough for most applications that require phase locked 
control. A precise reference frequency can be generated using the device's high 
frequency oscillator and programmable frequency dividers. The oscillator operates 
using a broad range of crystals, or, can function as a buffer stage to an external 
frequency source. 

The phase detector on these integrated circuits compares the reference frequency with 
a frequency/phase feedback signal. In the case of a motor, feedback is obtained at a 
hall output or other speed detection device. This signal is buffered by a sense amplifier 
that squares up the signal as it goes into the digital phase detector. The phase detector 
responds proportionally to the phase error between the reference and the sense 
amplifier output. This phase detector includes absolute frequency steering to provide 
maximum drive signals when any frequency error exists. This feature allows optimum 
start-up and lock times to be realized. 

Two op-amps are included that can be configured to provide necessary loop filtering. 
The outputs of these op-amps will source or sink in excess of 16mA, so they can 
provide a low impedance control signal to driving circuits. 

Additional features include a double edge option on the sense amplifier that can be 
used to double the loop reference frequency for increased loop bandwidths. A digital 
lock signal is provided that indicates when there is zero frequency error, and a 5V 
reference output allows DC operating levels to be accurately set. 


BLOCK DIAGRAM 
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UC2633 

UC3633 


ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (+Vin) +20V 

Reference Output Current -30mA 

Op-Amp Output Currents ±30mA 

Op-Amp Input Voltages -.3V to +20V 

Phase Detector Output Current ±10mA 

Lock Indicator Output Current + 15mA 

Lock Indicator Output Voltage -»-20V 

Divide Select Input Voltages -.3V to +10V 

Double Edge Disable Input Voltage -.3V to +10V 

Oscillator Input Voltage -.3V to +5V 

Sense Amplifier Input Voltage -.3V to +20V 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C above 25°C 

Power Dissipation at Tc = 25®C 2000mW 

Derate at 16mW/°C above 25°C 

Thermal Resistance Junction to Ambient 100°C/W 

Thermal Resistance Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150®C 

Storage Temperature -65°C to -^150®C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Note: 1. Voltages are referenced to ground, (Pin 16). 

Currents are positive into, negative out of, the specified 
terminals. 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 

J or N PACKAGE 


DIV. 4/5 IT 
INPUT U_ 


GROUND 

DIV. 2/4/8 IT 
INPUT Li 


Tl osc. 

iHl INPUT 

LOCK INDICATOR fT 
OUTPUT LI 


771 OSC. 
ill OUTPUT 

PHASE DETECTOR fT 
OUTPUT LI 



DBL EDGE rr 
DISABLE INPUT LI 


TT AUX. AMP. 
ifJ OUTPUT 

SENSE AMP. IT 
INPUT L2. 


TTI AUX. AMP. 
iU NON-INV. INPUT 

5V REF. IT 
OUTPUT LZ. 


TT AUX. AMP. 
i2J INV. INPUT 

LOOP AMP. rr 
INV. INPUT LI 


TI LOOP AMP. 

11 OUTPUT 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3633, -25°C to -»-85°C 
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Current 

+ViN = 15V 


20 

28 

mA 

Reference | 

Output Voltage (Vref) 


4.75 

5.0 

5.25 

V 

Load Regulation 

louT = 0 to 7mA 


5.0 

20 

mV 

Line Regulation 

+\/m = 8 to 15V 


2.0 

20 

mV 

Short Circuit Current 

VouT = OV 

12 

30 


mA 

Oscillator | 

DC Voltage Gain 

Oscillator Input to Oscillator Output 

12 

16 

20 

dB 

Input DC Level (Vie) 

Oscillator Input Pin Open, Tj = 25°C 

1.15 

1.3 

1.45 

V 

Input Impedance (Note 2) 

ViN = ViB ± 0.5V, Tj = 25°C 

1.3 

1.6 

1.9 

kQ 

Output DC Level 

Oscillator Input Pin Open, Tj = 25°C 

1.2 

1.4 

1.6 

V 

Maximum Operating Frequency 


10 



MHz 

Dividers | 

Maximum Input Frequency 

Input = IVpp at Oscillator Input 

10 



MHz 

Div. 4/5 Input Current 

Input = 5V (Div. by 4) 


150 

500 

aA 

Input = OV (Div. by 5) 

-5.0 

0.0 

5.0 

aA 

Div. 4/5 Threshold 


0.5 

1.6 

2.2 

V 

Div. 2/4/8 Input Current 

Input = 5V (Div. by 8) 


150 

500 

//A 

Input = OV (Div. by 2) 

-500 

-150 


a^a 

Div. 2/4/8 Open Circuit Voltage 

Input Current = 0//A (Div. by 4) 

1.5 

2.5 

3.5 

V 

Div. by 2 Threshold 


0.35 

0.8 


V 

Div. by 4 Threshold 


1.5 


3.5 

V 

Div. by 8 Threshold 

Volts Below Vref 

0.35 

0.8 


V 


Note: 2. These impedance levels will vary with Tj at about 1700ppm/°C. 
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UC1633 

UC2633 

UC3633 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70‘’C for the UC3633, -25°C to +85°C 
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 1 TYP. 

MAX. 

UNITS 

Sense Amplifier | 

Threshold Voltage 

Percent of Vref 

27 

30 

33 

% 

Threshold Hysteresis 



10 


mV 

Input Bias Current 

Input = 1.5V 

-1.0 

-0.2 


aA 

Double Edge Disable Input | 

Input Current 

Input = 5V (Disabled) 


150 

500 

aA 

Input = OV (Enabled) 

-5.0 

0.0 

5.0 

aA 

Threshold Voltage 


0.5 

1.6 

2.2 

V 

Phase Detector | 

High Output Level 

Positive Phase/Freq. Error, Volts Below Vref 


0.2 

0.5 

V 

Low Output Level 

Negative Phase/Freq. Error 


0.2 

0.5 

V 

Mid Output Level 

Zero Phase/Freq. Error, Percent of Vref 

47 

50 

53 

% 

High Level Maximum Source Current 

VouT = 4.3V 

2.0 

8.0 


mA 

, Low Level Maximum Sink Current 

VouT = 0.7V 

2.0 

5.0 


mA 

Mid Level Output Impedance (Note 2) 

louT = -200 to +200yuA, Tj = 25°C 

4.5 

6.0 

7.5 

kn 

Lock Indicator Output | 

Saturation Voltage 

Freq. Error, Iqut = 5mA 


0.3 

0.45 

V 

Leakage Current 

Zero Freq. Error, Vqut = 15V 


0.1 

1.0 

aA 

Loop Amplifier | 

NON INV. Reference Voltage 

Percent of Vref 

47 

50 

53 

% 

Input Bias Current 

Input = 2.5V 

-0.8 

-0.2 


aA 

A VOL 


60 

75 


dB 

PSRR 

+ViN = 8 to 15V 

70 

100 


dB 

Short Circuit Current 

Source, Vqut = OV 

16 

35 


mA 

Sink, VouT = 5V 

16 

30 


mA 

Auxiliary Op-Amp | 

Input Offset Voltage 

VcM = 2.5V 



8 

mV 

Input Bias Current 

VcM = 2.5V 

-0.8 

-0.2 



Input Offset Current 

VcM = 2.5V 


.01 

0.1 

fJtl\ 

AVOL 


70 

120 


dB 

PSRR 

+ViN = 8 to 15V 

70 

100 


dB 

CMRR 

VcM = 0 to lOV 

70 

100 


dB 

Short Circuit Current 

Source, Vqut = OV 

16 

35 


mA 

Sink, VouT = 5V 

16 

30 


mA 


Note: 2. These impeaance levels will vary with Tj at about 1700ppm/°C. 
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UC1633 

UC2633 

UC3633 


APPLICATION AND OPERATION INFORMATION 
Determining The Oscillator Frequency 

The frequency at the oscillator is determined by: thedesired RPM 
of the motor, the divide ratio selected, the number of poles in the 
motor, and the state of the double edge select pin. 

fosc(Hz) = (Divide Ratio) • (Motor RPM) • (1/60 SEC/MIN) • 

(No. of Rotor Poles/2) • (x 2 if Pin 5 Low) 


The resulting reference frequency appearing at the phase detec- 
tor inputs is equal to the oscillator frequency divided by the 
selected divide ratio. If the double edge option is used, (Pin 5 low), 
the frequency of the sense amplifier input signal is doubled by 
responding to both the rising and falling edges of the inputsignal. 
Using this option the loop reference frequency can be doubled for 
a given motor RPM. 


Recommended Oscillator Configuration Using AT Cut Quartz Crystal 

(<10MHz) 



X 


External Reference Frequency Input 



Method For Deriving Rotation Feedback Signal From Analog Hall Effect Device 



"This signal may require filtering if chopped mode drive scheme is used. 
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UC2633 

UC3633 


APPLICATION AND OPERATION INFORMATION 
Phase Detector Operation 

The phase detector on these devices is a digital circuit that 
responds to the rising edges of the detector’s two inputs. The 
phase detector output has three states: a high, 5V state, a low, OV 
state, and a middle, 2.5V state. In the high and low states the 
output impedance of the detector is low, the middle state output 
impedance is high, typically 6.0kQ. When there is any static 
frequency difference between the inputs the detector output is 
fixed at its high level if the +input (the sense amplifier signal) is 
greater in frequency, and fixed at its low level if the -input (the 
reference frequency signal) is greater in frequency. 

When the frequencies of the two inputs to the detector are equal 
the phase detector switches between its middle state and either 
the high or low states, depending on the relative phase of the two 
signals. If the +input is leading in phase then, during each period 
of the input frequency, the detector output will be high for a time 
equal to the time difference between the rising edges of the 
inputs, and will be at its middle level the remainder of the period. 
If the phase relationship is reversed then the detector will go low 
for a time proportional to the phase difference of the inputs. The 
resulting gain of the phase detector, K0, is 5V/47r radians, or 


about 0.4V/radian. The dynamic range of the detector is ±277- 
radians. 

The operation of the phase detector is illustrated in the figures 
below. The upper figure shows typical voltage waveforms seen at 
the detector output for leading and lagging phase conditions. The 
lower figure is a state diagram of the phase detector logic. In this 
figure, the circles represent the 10 possible states of the logic and 
the connecting arrows the transition events/paths to and from 
these states. Transition arrows that have a clockwise rotation are 
the result of a rising edge on the +input, and conversely, those 
with counter-clockwise rotation are tied to the rising edge on the 
-input signal. 

The normal operational states of the logic are 6 and 7 for positive 
phase error, 1 and 2 for a negative phase error. States 8 and 9 
occur during positive frequency error, 3 and 4 during negative 
frequency error. States 5 and 10 occur only as the Inputs cross 
over from a frequency error to a normal phase error only condi- 
tion. The level of the phase detector output is determined by the 
logic state as defined in the state diagram figure. The lock indica- 
tor output is high, off, when the detector is in states 1, 2, 6, or 7. 


TYPICAL PHASE DETECTOR OUTPUT WAVEFORMS 


H 


(ONE PERIOD 
OF REFERENCE 
FREQUENCY) 


h 


ni 




SENSE AMPLIFIER INPUT 
LEADING REFERENCE 
FREQUENCY INPUT 
BY 90 DEGREES 


5V 


2.5V 


0 




SENSE AMPLIFIER INPUT 
TRAILING REFERENCE 
FREQUENCY INPUT 
BY 90 DEGREES 


PHASE DETECTOR STATE DIAGRAM 


RISING EDGE RISING EDGE 

ON PHASE DETECTOR ^ ^ ON PHASE DETECTOR 

- INPUT ) ( + INPUT 

(REFERENCE) (SENSE AMP.) 
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APPLICATION AND OPERATION INFORMATION 


Suggested Loop Filter Configuration 


Ri Ra 



I 

Vadj, 5V or OV 


TO POWER 
DRIVE STAGE 


^^OUT R3 1 + s / COZ 

(s) = — • 

^IN Rl 1 + s / Oip 


0)p 


1 

R 2 C 1 


(JJZ 


1 

(Ri + R2) Ci 


* The static phase error of the loop is easily adjusted by adding 
resistor, R 4 , as shown. To lock at zero phase error R 4 isdetermined 
by: 

2.5V • R 3 
I AVoutI 


Where: [ AVqutI = I Vout - 2.5V1 

and Vout = DC Operating Voltage At Loop 

Amplifier Output During Phase Lock 

If: (Vout - 2.5) > 0 R 4 Goes To OV 

(Vout ~ 2.5) 0 R 4 Goes To 5.0V 


Reference Filter Configuration 


Cl 



^^out 

2^IN 


(s) 


1 

s2^ 

1 + +2 

WN 


1 

WN = "muzz 
\J R1R2C1C2 

1 1 j C2 Ri + R2 

^ 2Q 2 V C, ^ 


Note: with Ri = R 2 , I 



Reference Filter Design Aid -- Gain Response 



0.1 0.2 0.4 0.6 0.8 1 2 4 6 8 10 


NORMALIZED FREQUENCY - (cj/wn) 


Reference Filter Design Aid — Phase Response 
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APPLICATION AND OPERATION INFORMATION 


UC1633 

UC2633 

UC3633 


Design Example lqck indication 

OUTPUT 



Bode Plots — Design Example Open Loop Response 



.01 .02 .05 0.1 0.2 0.5 1 2 5 10 20 50 100 


NORMALIZED FREQUENCY - Wi/j - (f/y = 4Hz) 


1 — Klf(s) • Krf(s) 


N • K0 • GpD • Kt 



3 — Combined Overall Open Loop Response 
Where: 

Klf(s) = Loop Filter Response 
Krf(s) = Reference Filter Response 
N = 4 (Using Double Edge Sensing With 4 Pole Motor) 
K0 = Phase Detector Gain (.4V/RAD) 

Gpd = Power Stage Transconductance (lA/V) 

Kt = Motor Torque Constant (.022NM/A) 

J = Motor Moment of Inertia (.0015NM - SEC^) 
s = 27rjf 


*Note: For a current mode driver the electrical time constant, Lm/Rm, of the motor does notenter into into the small signal response. If 
a voltage mode drive scheme is used, then the asymptote, plotted as 2 above, can be approximated by: 


N • K0 • KpD • Kt 


if: Rm > Kt 




s • J • Rm 
Here: Kpd = Voltage Gain of Driver Stage 
Rm = Motor Winding Resistance 


and, 


Kt^ 


27r • J • Rm 


<f< 


Rm 


27r • Lm 


Lm = Motor Winding Inductance 
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LINEAR INTEGRATED CIRCUITS 

Phase Locked Frequency Controller 


UC1634 

UC2634 

UC3634 


DESCRIPTION 

The UC1634 series of devices is optimized to provide precision phase locked frequency 
control for two phase DC brushless motors. These devices include most of the features 
of the general purpose UC1633 Phase Locked Control family and also provide the out- 
of-phase commutation signals required for driving two phase brushless motors. Only an 
external power booster stage is required for a complete drive and control system. 

The two commutation outputs are open collector devices that can sink in excess of 
16mA. A disable input allows the user to simultaneously force both of these outputs to 
an active low state. Double edge logic, following the sense amplifier, doubles the 
reference frequency at the phase detector by responding to both edges of the input 
signal at Pin 7. 


FEATURES 

• Precision Phase Locked Frequency 
Control System 

• Commutation Logic for 2-Phase Motors 

• Disable Input for Motor Inhibit 

• Crystal Oscillator 

• Programmable Reference Frequency 
Dividers 

• Phase Detector with Absolute 
Frequency Steering 

• Digital Lock Indicator 

• Two High Current Op-Amps 

• 5V Reference Output 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 

J or N PACKAGE 


Div. 2/4/8 rr 
INPUT LL 


^ GROUND 

LOCK INDICATOR 

OUTPUT !_£. 


rn osc. 

iil INPUT 

PHASE DETECTOR fT 
OUTPUT Li 


T71 osc. 

13 OUTPUT 

DISABLE rr 
INPUT Li 


iH +viN 

DRIVER A 
OUTPUT Li 


rn BUFFER AMP. 

13 OUTPUT 

DRIVER B rr 
OUTPUT LI 


771 BUFFER AMP. 

Hi INPUT 

SENSE AMP. nr 
INPUT Li. 


TT LOOP AMP. 
iHJ OUTPUT 

5V REE rr 
OUTPUT Ll 


LOOP AMP. 
li INV. INPUT 




BLOCK DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (+Vin) +20V 

Reference Output Current -30mA 

Op-Amp Output Currents ±30mA 

Op-Amp Input Voltages -.3V to +20V 

Phase Detector Output Current ±10mA 

Lock Indicator Output Current + 15mA 

Lock Indicator Output Voltage +20V 

Divide Select Input Voltage -.3V to +10V 

Disable Input Voltage -.3V to +10V 

Oscillator Input Voltage -.3V to +5V 

Sense Amplifier Input Voltage -.3V to +20V 

Driver Output Currents +30mA 

Driver Output Voltages +20V 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C above 25°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C above 25°C 

Thermal Resistance Junction to Ambient 100°C/W 

Thermal Resistance Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Note: 1. Voltages are referenced to ground, (Pin 16). 

Currents are positive into, negative out of, the specified 
terminals. 



y 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3634, -25°C to +85°C 
for the UC2634 and -55°C to +125°C for the UC1634, +Vin = 12V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Current 

+ViN = 15V 


20 

29 

mA 

Reference 

1 

Output Voltage (Vref) 


4.75 

5.0 

5.25 

V 

Load Regulation 

louT = 0 to 7mA 


5.0 

20 

mV 

Line Regulation 

+ViN = 8 to 15V 


2.0 

20 

mV 

Short Circuit Current 

VouT = OV 

12 

30 


mA 

Oscillator | 

DC Voltage Gain 

Oscillator In to Oscillator Out 

12 

16 

20 

dB 

Input DC Level (Vm) 

Oscillator In Pin Open, Tj = 25°C 

1.15 

1.3 

1.45 

V 

Input Impedance (Note 2) 

ViN = ViB ± 0.5V, Tj = 25°C 

1.3 

1.6 

1.9 

kfi 

Output DC Level 

Oscillator In Pin Open, Tj = 25°C 

1.2 

1.4 

1.6 

V 

Maximum Operating Frequency 


10 



MHz 

Dividers | 

Maximum Input Frequency 

Input = IVpp at Oscillator In 

10 



MHz 

Div. 4/5 Input Current 
(Q Package Only, Note 3) 

Input = 5V (Div. by 4) 


150 

500 


Input = OV (Div. by 5) 

-5.0 

0.0 

5.0 

M 

Div. 4/5 Threshold 
(Q Package Only, Note 3) 


0.5 

1.6 

2.2 

V 

Div. 2/4/8 Input Current 

Input = 5V (Div. by 8) 


150 

500 

M 

Input = OV (Div. by 2) 

-500 

-150 



Div. 2/4/8 Open Circuit Voltage 

Input Current = 0/jA (Div. by 4) 

1.5 

2.5 

3.5 

V 

Div. by 2 Threshold 


0.35 

0.8 


V 

Div. by 4 Threshold 


1.5 


3.5 

V 

Div. by 8 Threshold 

Volts Below Vref 

0.35 

0.8 


V 

Sense Amplifier | 

Threshold Voltage 

Percent of Vref 

27 

30 

33 

% 

Threshold Hysteresis 



10 


mV 

Input Bias Current 

Input = 1.5V 

-1.0 

-0.2 


aA 

I Two Phase Drive Outputs, A and B | 

Saturation Voltage 

louT = 16mA 


0.3 

0.6 

V 

Leakage Current 

VouT = 15V 


0.1 

5.0 


I Disable Input | 

Input Current 

Input = 5V (Disabled, 

A and B Outputs Active Low) 


150 

500 

aA 

Input = OV (Enabled) 

-5.0 

0.0 

5.0 

aA 

Threshold Voltage 


0.5 

1.6 

2.2 

V 

I Phase Detector | 

High Output Level 

Positive Phase/Freq. Error, Volts Below Vref 


0.2 

0.5 

V 

Low Output Level 

Negative Phase/Freq. Error 


0.2 

0.5 

V 

Mid Output Level 

Zero Phase/Freq. Error, Percent of Vref . 

47 

50 

53 

% 

High Level Maximum Source Current 

VouT = 4.3V 

2.0 

8.0 


mA 

Low Level Maximum Sink Current 

VouT = 0.7V 

2.0 

5.0 


mA 

Mid Level Output Impedance (Note 2) 

louT = ~200 to +200//A, Tj = 25°C 

4.5 

6.0 

7.5 

kO 


Note: 2. These impedance levels will vary with Tj at about 1700ppm/°C. j 

3. This part is also available in a 20 pin plastic leadless chip carrier, Q designator, where a divide by 4/5 select pin is available. 
Consult factory for details. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3634, -25°C to +85°C 
for the UC2634 and -55°C to +125°C for the UC1634, +Vin = 12V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 1 MAX. 

UNITS 

Lock Indicator Output | 

Saturation Voltage 

Freq. Error, Iqut = 5mA 


0.3 

0.45 

V 

Leakage Current 

Zero Freq. Error, Vout = 15V 


0.1 

1.0 

(jA 

Loop Amplifier | 

N INV. Reference Voltage 

Percent of Vref 

47 

50 

53 

% 

Input Bias Current 

Input = 2.5V 

-0.8 

-0.2 


/^A 

AVOL 


60 

75 


dB 

PSRR 

+ViN = 8 to 15V 

70 

100 


dB 

Short Circuit Current 

Source, Vqut = OV 

16 

35 


mA 

Sink, Vout = 5V 

16 

30 


mA 

Buffer Op-Amp | 

Input Offset Voltage 

VcM = 2.5V 



8 

mV 

Input Bias Current 

VcM = 2.5V 

-0.8 

-0.2 


aA 

PSRR 

+ViN = 8 to 15V 

70 

100 


dB 

CMRR 

VcM = 0 to lOV 

70 

100 


dB 

Short Circuit Current 

Source, Vqut = OV 

16 

35 


mA 

Sink, Vout = 5V 

16 

30 


mA 


APPLICATION AND OPERATION INFORMATION (For additional information see UC1633 data sheet) 

Design Example: 

Precision phased locked frequency control of a 2-phase motor at 
3600 RPM. Using the commutation logic on the UC3634, a simple 
discrete drive scheme is possible. 


+Vcc 


+ 12V 
IN 
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Switched Mode Controller for DC Motor Drive 


UC1637 

UC2637 

UC3637 


FEATURES 

• Single or dual supply operation 

• ± 2.5V to ± 20V input supply range 

• ± 5% initial oscillator accuracy: ± 10% 
over temperature 

• Pulse-by-pulse current limiting 

• Under-voltage lockout 

« Shutdown input with temperature 
compensated 2.5V threshold ■ 

• Uncommitted PWM comparators for 
design flexibility 

• Dual 100mA, source/sink output 
drivers 


DESCRIPTION 

The UC1637 is a pulse width modulator circuit intended to be used for a variety of PWM 
motor drive and amplifier applications requiring either uni-djrectional or bi-directional 
drive circuits. When used to replace conventional drivers, this circuit can increase 
efficiency and reduce component costs for many applications. All necessary circuitry is 
included to generate an analog error signal and modulate two bi-directional pulse train 
outputs in proportion to the error signal magnitude and polarity. 

This monolithic device contains a sawtooth oscillator, error amplifier, and two PWM 
comparators with ± 100mA output stages as standard features. Protection circuitry 
includes under-voltage lockout, pulse-by-pulse current limiting, and a shutdown port 
with a 2.5V temperature compensated threshold. 

The UC1637 is characterized for operation over the full military temperature range of 
-55‘’C to ■♦-125®C, while the UC2637 and UC3637 are characterized for -25®C to +85®C 
and 0®C to +70°C, respectively. 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (±Vs) ±20V 

Output Current, Source/Sink (Pins 4, 7) 500mA 

Analog Inputs (Pins 1, 2, 3, 8, 9, 10, 11, 12, 13, 14, 15, 16) ±Vs 

Error Amplifier Output Current (Pin 17) ±20mA 

Oscillator Charging Current (Pin 18) -2mA 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C For Ta above 50°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C for Tc above 25°C 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60°C/W 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) +300°C 


Note: 1. Currents are positive into, negative out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-18 (TOP VIEW) 


J or N PACKAGE 


+Vth (T 


IsET 

Ct iz 


13 E/A OUTPUT 

-VthU 


le] -E/A 

Aout (Z 


ID +E/A 

-Vs [E 


l4] SHUTDOWN 

+Vs m; 


13] -C/L 

Bout [Z 


ID +C/L 

+B,n [E 


n] +A,n 

-Bin (T 


13 -Ain 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, thesespecificationsapplyforTA = -55°Cto + 125°CforUC1637:-25°Cto+85°C 
for the UC2637: and O^C to +70‘’C for the UC3637; +Vs = +15V, -Vs = -15V, +Vth = 5V, -Vth = -5V, Rt = 
16.7kO, Ct = 1500pF) 


PARAMETER 

TEST CONDITIONS 

UC1637/UC2637 

UC3637 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Oscillator | 

Initial Accuracy 

Tj = 25<’C 

9.4 

10 

10.6 

9 

10 

11 

kHz 

Voltage Stability 

Vs = ± 5V to ± 20V, Vp,N 1 = 3V 
Vp,N3= -3V 


5 

7 


5 

7 

% 

Temperature Stability 

Over Operating Range 


0.5 

2 


0.5 

2 

% 

+Vth Input Bias Current 

VpiN 2 = 6V 

-10 

0.1 

10 

-10 

0.1 

10 

M 

-Vth Input Bias Current 

Vp.N 2 = OV 

-10 

-0.5 


-10 

-0.5 


//A 

+Vth, -Vth Input Range 


+Vs-2 


-Vs+2 

+Vs-2 


-Vs+2 

V 

Error Amplifier | 

Input Offset Voltage 

VcM = OV 


1.5 

5 


1.5 

10 

mV 

Input Bias Current 

VcM = OV 


0.5 

5 


0.5 

5 

M 

Input Offset Current 

VcM = OV 


0.1 

1 


0.1 

1 

M 

Common Mode Range 

Vs = ± 2.5 to 20V 

-Vs+2 


+Vs 

-Vs+2 


+Vs 

V 

Open Loop Voltage Gain 

Rl = lOK 

75 

100 


80 

100 


dB 

Slew Rate 



15 



15 


V//ys 

Unity Gain Bandwidth 









CMRR 

Over Common Mode Range 

75 

100 


75 

100 


dB 

PSRR 

Vs = ± 2.5V to ± 20V 

75 

no 


75 

no 


dB 

Output Sink Current 

Vp.N 17 = OV 


-50 

-20 


-50 

-20 

mA 

Output Source Current 

VpiN 17 = OV 

5 

11 


5 

11 


mA 

High Level Output Voltage 


13 

13.6 


13 

13.6 


V 

Low Level Output Voltage 



-14.8 

-13 


-14.8 

-13 

V 

PWM Comparators | 

Input Offset Voltage 

VcM = OV 


20 



20 


mV 

Input Bias Current 

VcM = OV 


2 

10 


2 

10 


Input Hysteresis 

> 

o 

II 

> 


10 



10 


mV 

Common Mode Range 

Vs = ± 5 to ± 40V 

-Vs+1 


+Vs-2 

-Vs+1 


+Vs-2 

V 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, thesespecificationsapplyfor Ta = -55°Cto+125°Cfor UC1637: -25®Cto+85°C 
for the UC2637: and O^C to +70®C for the UC3637: +Vs = + 15V, -Vs = -15V, +Vth = 5V, -Vth = -5V, Rt = 
16.7kO, Ct= 1500pF) 


PARAMETER 

TEST CONDITIONS 

UC1637/UC2637 

UC3637 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit | 

Input Offset Voltage 

VcM = OV, Tj = 25‘’C 

190 

200 

210 

180 

200 

220 

mV 

Input Offset Voltage T.C. 



-0.2 



-0.2 


mV/°C 

Input Bias Current 


-10 

-1.5 


-10 

-1.5 


/iA 

Common Mode Range 

Vs = ± 2.5V to ± 20V 

-Vs 


+Vs-3 

-Vs 


+Vs -3 

V 

Shutdown 

Shutdown Threshold 

(Note 3) 

-2.3 

-2.5 

-2.7 

-2.3 

-2.5 

-2.7 

V 

Hysteresis 



40 



40 


mV 

Input Bias Current 

VpiN 14 = +Vs to -Vs 

-10 

-0.5 


-10 

-0.5 


//A 

Under- Voltage Lockout | 

Start Threshold 

(Note 4) 


4.15 

5.0 


4.15 

5.0 

V 

Hysteresis 



0.25 



0.25 


mV 

Total Standby Current | 

Supply Current 



8.5 

15 

1 8.5 

15 

mA 

Output Section | 

Output Low Level 

IsiNK = 20mA 


-14.9 

-13 


-14.9 

-13 

V 

IsiNK = 100mA 


-14.5 

-13 


-14.5 

-13 

Output High Level 

IsouRCE = 20mA 

13 

13.5 


13 

13.5 


V 

1 SOURCE “ 100mA 

12 

13.5 


12 

13.5 


Rise Time 

(Note 2) Cl= Inf, Tj = 25‘’C 


100 

600 


100 

600 

ns 

Fall Time 

(Note 2) Cl = Inf, Tj = 25‘’C 


100 

300 


100 

300 

ns 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 

3. Parameter measured with respect to +Vs (Pin 6). 

4. Parameter measured at +Vs (Pin 6) with respect to -Vs (Pin 5). 
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FUNCTIONAL DESCRIPTION 


Following is a description of each of the functional blocks shown 
in the Block Diagram. 

Oscillator 

The oscillator consists of two comparators, a charging and 
discharging current source, a current source set terminal, Uet, 
and a flip-flop. The upper and lower threshold of the oscillator 
waveform is set externally by applying a voltage at pins +VTHand 


-Vth respectively. The +Vth terminal voltage is buffered internally 
and also applied to the Uet terminal to develop the capacitor 
charging current through Rt. If Rt is referenced to -Vs as shown in 
Figure 1, both the threshold voltage and chargingcurrent will vary 
proportionally to the supply differential, and the oscillator 
frequency will remain constant. The triangle waveform oscillators 
frequency and voltage amplitude is determined by the external 
components using the formulas given in Figure 1. 



Figure 1. Oscillator Set Up 


PWM Comparators 

Two comparators are provided to perform pulse width modulation 
for each of the output drivers. Inputs are uncommitted to allow 
maximum flexability. The pulse width of the outputs A and B is a 
function of the sign and amplitude of the error signal. A negative 
signal at Pin 10 and 8 will lengthen the high-state of output A and 


shorten the high-state of output B. Likewise, a positive error signal 
reverses the procedure. Typically, the oscillator waveform is 
compared against the summation of the error signal and the level 
set on Pin 9 and 11. 
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MODULATION SCHEMES 

Case A Zero Deadtime (Equal voltage on Pin 9 and Pin 11) power-amplifiers are used. Refer to Figure 3B. 

In this configuration, maximum holding torque or stiffness and 
position accuracy is achieved. However, the power input into the 
motor is increased. Figure 3A shows this configuration. 

Case B Small Deadtime (Voltage on Pin 9 > Pin 11) 

A small differential voltage between Pin 9 and 11 provides the 
necessary time delay to reduce the chances of momentary short 
circuit in the output stage during transitions, especially where 


(Pins 8, 11) 



(C) 


Figure 3. Modulation Schemes Showing (A) Zero Deadtime (B) Deadtime and (C) Deadband Configurations. 


Output Drivers 

Each output driver is capable of both sourcing and sinking 100mA 
steady state and up to 500mA on a pulsed basis for rapid 
switching of either POWERFET or bipolartransistors. Output levels 
are typically -Vs +0.2V @ 50mA low level and +Vs — 2.0V @ 50mA 
high level. 

Error Amplifier 

The error amplifier consists of a high slew rate (15V/Afs) op-amp 
with a typical IMHz bandwidth and low output impedance. 
Depending on the ± Vs supply voltage, the common mode input 
range and the voltage output swing is within 2V of the Vs supply. 

Under- Voltage Lockout 

An under-voltage lockout circuit holds the outputs In the low state 
until a minimum of 4V is reached. At this point, all internal 
circuitry is functional and the output drivers are enabled. If 
external circuitry requires a higher starting voltage, an over-riding 
voltage can be programmed through the shutdown terminal as 
shown in Figure 4. 



Case C Increased Deadtime and Deadband Mode 

(Voltage on Pin 9 > Pin 11) 

With the reduction of stiffness and position accuracy, the power 
input into the motor around the null point of the servo loop can be 
reduced or eliminated by widening the window of the comparator 
circuit to a degree of acceptance. Where position accuracy and 
mechanical stiffness is unimportant, deadband operation can be 
used. This is shown in Figure 3C. 
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Shutdown Comparator 

The shutdown terminal may be used for implementing various 
shutdown and protection schemes. By pulling the terminal more 
than 2.5V below Vin, the output drivers will be enabled. This can 
be realized using an open collector gate or NPN transistor biased 


to either ground or the negative supply. Since the threshold is 
temperature stabilized, the comparator can be used as an 
accurate low voltage lockout (Figure 4) and/or delayed start as in 
Figure 5. In the shutdown mode the outputs are held in the low 
state. 



Current Limit 

A latched current limit amplifier with an internal 200mV offset is the +Vs supply while providing excellent noise rejection. Figure 6 

provided to allow pulse-by-pulse current limiting. Differential shows a typical current sense circuit, 

inputs will accept common mode signals from -Vs to within 3V of 



Figure 6. Current Limit Sensing 
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LINEAR INTEGRATED CIRCUITS 

stepper Motor Drive Circuit 


UC1717 

UC3717 


FEATURES 

• Half-step and full-step capability 

• Bipolar constant current motor drive 

• Built-in fast recovery Schottky 
commutating diodes 

• Wide range of current control 5- 1000mA 

• Wide voltage range 10-45V 

• Designed for unregulated motor supply 
voltage 

• Current levels can be selected in steps or 
varied continuously 

• Thermal overload protection 


DESCRIPTION 

The UC3717 has been designed to control and drive the current in one winding of a 
bipolar stepper motor. The circuit consists of an LS-TTL-compatible logic input, a 
current sensor, a monostable and an output stage with built-in protection diodes. Two 
UC3717S and a few external components form a complete control and drive unit for 
LS-TTL or micro- processor controlled stepper motor systems. 

The UC1717 is characterized for operation over the full military temperature range of -55®C 
to +125‘*C, while the UC3717 is characterized for 0®C to +70®C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage 

Logic Supply, Vcc — 7V 

Output Supply, Vm 45V 

Input Voltage 

Logic Inputs (Pins 7, 8, 9) 6V 

Analog Input (Pin 10) Vcc 

Reference Input (Pin 11) 15V 

Input Current 

Logic Inputs (Pins 7, 8, 9) -10mA 

Analog Inputs (Pins 10, 11) -10mA 

Output Current (Pins 1,15) ±1A 

Junction Temperature, Tj +150®C 

Thermal Resistance, Junction to Ambient (NE Package) 45®C/W 

Thermal Resistance, Junction to Case (NE Package) 11®C/W 

Thermal Resistance, Junction to Ambient (J Package) 100®C/W 

Thermal Resistance, Junction to Case (J Package) 60®C/W 

Storage Temperature Range, Ts -55®C to +150®C 


Note: 1. All voltages are with respect to ground, Pins 4, 5, 12, 13. 

Currents are positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 


DIL16 (TOP VIEW) 


J or NE PACKAGE 


Bout 


ID EMITT 

TIMING [T 


H] Aoot 

v„ll 


U] Vm 

GND (T 


n] GND 

GND [£ 


ID GND 

Vcc [6 


TT] Vr 

h[L 


1^ CURRENT 

PHASE |T 


H lo 


Vcc Aout Bout 3, 14 V«, 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage, Vcc 

4.75 

5 

5.25 

V 

Supply Voltage, Vm 

10 


40 

V 

Output Current, Im 

20 


800 

mA 

Rise Time Logic Inputs, tr 



2 

//s 

Fall Time Logic Inputs, tf 



2 

fJS 

Ambient Temperature, t® 





UC1717 

-55 


125 

“C 

UC3717 

0 


70 

“C 


UC1717 

UC3717 



ELECTRICAL CHARACTERISTICS (Over recommended operating conditions unless otherwise stated) 


PARAMETER 

TEST 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Current, Ice 




25 

mA 

High-Level Input Voltage, Pins 7, 8, 9 


2.0 



V 

Low-Level Input Voltage, Pins 7, 8, 9 




0.8 

V 

High-Level Input Current, Pins 7, 8, 9 

V, = 2.4V 



20 

/iA 

Low-Level Input Current, Pins 7, 8, 9 

V, = 0.4V 

-0.4 



mA 

Comparator Threshold Voltage 

10 = 0 

11 = 0 

Vr = 5.0V 

390 

420 

440 

mV 

lo = 1 

In =0 

230 

250 

270 

mV 

10 = 0 

11 = 1 

65 

80 

90 

mV 

Comparator Input Current 


-20 


20 

//A 

Output Leakage Current 

lo= 1 
li = 1 

Ta = + 25"C 



100 

a/A 

Total Saturation Voltage Drop 

Im = 500mA 



4.0 

V 

Total Power Dissipation 

Im = 500mA, 
fs = 30kHz 


1.4 

2.1 

W 

Im = 800mA, 
fs = 30kHz 


2.9 

3.1 

W 

Cut Off Time, topp 

See Figure 5 and 6 
Vm = lOV 
toN ^ 5//S 

25 

30 

35 

/iS 

Turn Off Delay, td 

See Figure 5 and 6 
Ta = +25“C; 
dVc/dt ^ 50mV///s 


1.6 

2.0 

/JS 

Thermal Shutdown Junction Temperature 


+ 160 


+ 180 

“C 
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0.1 0.5 0.8 



OUTPUT CURRENT (A) 


OUTPUT CURRENT (A) 


Figure 2. Typical Source Saturation Voltage vs Output Current 


Figure 3. Typical Sink Saturation Voltage vs Output Current 




0.2 0.4 0.6 0.8 


OUTPUT CURRENT (A) 


Figure 4. Typical Power Losses vs Output Current 


CHOPPING FREQUENCY = 

toN toFF 


Bout • Aout 
VOLTAGE 
(PIN 1. 15) 



Figure 5. Connections and Component Values as in Figure 6 


FUNCTIONAL DESCRIPTION 

The UC3717 drive circuit shown in the block diagram includes the 
following functions. 

(1) Phase Logic and H-Bridge Output Stage 

(2) Voltage Divider with three Comparators for current control 

(3) Two Logic inputs for Digital current level select 

(4) Monostable for off time generation 

Input Logic 

If any of the logic inputs are left open, the circuit will treat it as a 
high level input. 

Phase Input 

The phase input terminal, pin 18, controls the direction of the 
current through the motor winding. The Schmidt-Trigger input 


coupled with a fixed time delay assures noise immunity and 
eliminates cross conduction in the output stage during phase 
changes. A low level on the phase input will turn Q2 on and enable 
Q3 while a high level will turn Q1 on and enable Q4. (See Figure 7). 

Output Stage 

The output stage consists of four Darlington transistors and 
associated diodes connected in an H-Bridge configuration. The 
diodes are needed to provide a current path when the transistors 
are being switched. For fast recovery, Schottky diodes are used 
across the source transistors. The Schottky diodes allow the 
current to circulate through the winding while the sink transistors 
are being switched off. The diodes across the sink transistors in 
conjunction with the Schottkys provide the path for the decaying 
current during phase reversal. (See Figure 7). 
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Figure 6. 


PHASE INPUT 

Ql, Q4 

Q2. Q3 

LOW 

OFF 

ON 

HIGH 

ON 

OFF 


TABLE 1 


lo 


CURRENT LEVEL 

0 

0 

100% 

1 

0 

60% 

0 

1 

19% 

1 

1 

CURRENT INHIBIT 


Current Control 

The voltage divider, comparators and monostable provide a 
means for current sensing and control. The two bit input (lo, li) 
logic selects the desired comparator. The monostable controls 
the off time and therefore the magnitude of the current decrease. 
The time duration is determined by Rt and Ct connected to the 
timing terminal (pin 2). The reference terminal (pin 11) provides 
a means of continuously varying the current for situations 
requiring half-stepping and micro-stepping. The relationship 
between the logic input signals at pin 7 and 9 in reference to the 
current level is shown in Table 1. The values of the different 
current levels are determined by the reference voltage together 
with the value of the external sense resistor R, (pin 16). 


DASHED LINES INDICATE 
CURRENT DECAY PATHS 



Figure 7. Simplified Schematic of Output Stage 
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Single-Pulse Generator 

The pulse generator is a monostable triggered on the positive 
going edge of the comparator. Its output is high during the pulse 
time and this pulse switches off the power feed to the motor 
winding causing the current to decay. The time is determined by 
the external timing components Rt and Ct as: 

toFF = 0.69 RtCt 

If a new trigger signal should occur during toFF, it is ignored. 

Overload Protection 

The circuit is equipped with a thermal shutdown function, which 
will limit the junction temperature by reducing the output current. 
It should be noted however, that a short circuit of the output is not 
permitted. 

Operation 

When the voltage is applied across the motor winding the current 
rises linearly and appears across the external sense resistor as an 
analog voltage. This voltage is fed through a low-pass filter Rc, Cc 
to the the voltage comparator (pin 10). At the moment the voltage 
rises beyond the comparator threshold voltage the monostable is 
triggered and its output turns off the sink transistors. The current 
then circulates through the source transistor and the appropriate 
Schottky diode. After the one shot has timed out, the sink 
transistor is turned on again and the procedure repeated until a 
current reverse command is given. By reversing the logic level of 
the phase input (pin 8), both active transistors are being turned 
off and the opposite pair turned, on. When this happens the 
current must first decay to zero before it can reverse. The current 
path then provided is through the two diodes and the power- 
supply. Refer to Figure 7. It should be noticed at this time that the 

+5 +5 


slope of the current decay is steeper, and this is due to the higher 
voltage build up across the winding. For better speed 
performance of the stepping motor at half step mode, the phase 
logic level should be changed the same time the current inhibit is 
applied. A typical current wave form is shown in Figure 8. 



APPLICATIONS 

A typical chopper drive for a two phase bipolar permanent magnet 
or hybrid stepping motor is shown in Figure 9. The input can be 
controlled by a microprocessor, TTL, LS or CMOS logic. 





11 6 

3. 14 


Vr Vcc Vm I 

PHASE B 

Ph 


Bo 

liB 

li 

UC3717 


9 

loB 

lo 


Ao 



r Cs E 



4,5 
12. 13 


STEPPING MOTOR 



Figure 9. 
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The timing diagram in Figure 10 shows the required signal input 
for a two phase, full step, stepping sequence. Figure 11 shows a 
one phase, full step, stepping sequence, commonly referred to as 
wave drive. Figure 12 shows the required input signal for a one 
phase-two phase stepping sequence called half-stepping. 

The circuit of Figure 13 provides the signal shown in Figure 10. 
and in conjunction with the circuit shown in Figure 9, will 
implement a pulse-to-step two phase, full step, bidirectional 
motor drive. 


I 1 1 2 I 3 I 4 I 


The schematic of Figure 14 shows a pulse to half step circuit 
generating the signal shown in Figure 12. Care has been taken to 
change the phase signal the same time the current inhibit is 
applied. This will allow the current to decay faster and therefore 
enhance the motor performance at higher step rates. 

The UC3717 can also be used to drive an external high power 
output stage such as the Unitrode PIC900 hybrid circuit in an 18- 
Pin dual-in-line package. The 5A output of the PIC900 can be 
controlled with as little as 5mA base drive. Using the UC3717 to 
drive the PIC900 provides a uniquely packaged state-of-the-art 
high power stepper motor control and drive. See Figure 15. 


PHASE A 



PHASE B j- 

I 

I 

I 
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Figure 10. Phase Input Signal for Two Phase Full Step Drive (4 Step Sequence) 


I 2 I 3 I 4 


1 I 2 I 3 I 4 




lo, li A 
lo, li B 


_l U 
1 I — I I U 

_n_r 


r 


■u 

r 


Rgure 11. Phase and Current-Inhibit Signal for Wave Drive (4 Step Sequence) 
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Figure 12. Phase and Current-Inhibit Signal for Half-Stepping (8 Step Sequence) 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


4-55 


PRINTED IN U.S.A. 


UC1717 

UC3717 



PHASE A 


PHASE B 


Figure 13. Full Step, Bidirectional Two Phase Drive Logic 


+5V 



Figure 14. Half Step, Bidirectional Drive Logic 


CONSIDERATION 

Half-Stepping 

In the half step sequence the power input to the motor alternates 
between one or two phases being energized. In a two phase motor 
the electrical phase shift between the windings is 90 degrees. The 
torque developed is the vector sum of the two wi ndi ngs energized . 
Therefore when only one winding is energized the torque of the 
motor is reduced by approximately 30%. This causes a torque 
ripple and if it is necessary to compensate for this, the Vr input 
can be used to boost the current of the single energized winding. 

Ramping 

Every drive system has inertia and must be considered in the drive 
scheme. The rotor and load inertia plays a big role at higher 
speeds. Unlike the DC motor the stepping motor is a synchronous 
motor and does not change its speed due to load variations. 
Examining typical stepping motors torque vs. speed curves 
indicates a sharp torque drop off for the start-stop without error 
curve, even with a constant current drive. The reason for this is 
that the torque requirements increase by the square of the speed 
change, and the power need increases by the cube of the speed 
change. As it can be seen, for good motor performance controlled 
acceleration and deceleration should be considered. 
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Iron Core Losses 

Some motors, especially the Tin-Can type, exhibit high iron losses 
mostly due to eddy currents which rise in an exponental matteras 
the frequency or step rate is increased. The power losses can not 
be calculated by I^R where I is the chopping current level and R 
the DC resistance of the coil. Actual measurements indicate the 
effective resistance may be many times larger. Therefore, for 
100% duty cycle the current must be limited to a value which will 
not overheat the motor. This may not be necessary for lower duty 
cycle operation. 

Interference 

Electrical noise generated by the chopping action can cause 
interference problems, particularly in the vicinity of magnetic 
storage media. With this in mind, printed circuit layouts, wire runs 
and decoupling must be considered. 0.01 to O.l^fF ceramic 
capacitors for high frequency bypass located near the drive 
package across V+ and ground might be very helpful. The 
connection and ground leads of the current sensing components 
should be kept as short as possible. 

Ordering Information 

UNITRODE TYPE NUMBER 

UC3717NE - 16 Pin Dual-in-line (DIL) “Bat Wing” Package 
UC3717J — 16 Pin Dual-in-line Ceramic Package 
UC1717J — 16 Pin Dual-in-line Ceramic Package 
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LINEAR INTEGRATED CIRCUITS 

Full Bridge Power Amplifier 


UC3176 


FEATURES 

• Dual Power Operational Amplifiers 

• ±2A Output Current Guaranteed 

• Precision Current Sense Amplifier 

• Two Supply Monitoring Inputs 

• Parking Function and Under-Voltage 
Lockout 

• Typical Total Vsat 3V @ 2 A 

• Safe Operating Area Protection 

• 5V to 35V Operation 


DESCRIPTION 

The UC3176 contains two power operational amplifiers that are rated for a continuous 
output current of 2A. Intended for use in precision servo applications such as disk 
head positioning, these Op-Amps can be used in a standard voltage feedback mode, 
or the IC’s current sense amplifier can be used to obtain preGision control of the load 
current in a bridge configuration. Output stage protection includes foldback current 
limiting and thermal shutdown. 

Auxiliary functions on this device include a dual input under-voltage comparator that 
can be programmed to respond to low voltage conditions on two independent 
supplies. In response to an under-voltage condition the power Op-Amps are inhibited 
and a high current, 100 mA, drive output is activated A separate logic level input is 
also available to force this state. The above functions are easily combined to provide 
a head parking function in disc drive applications. 

The devices are operational over a 5V-35V supply range. Internal under-voltage 
lockout provides predictable power-up and power-down characteristics. The parts are 
packaged in the 15-Pin Multiwatt package with a maximum 0jc of 3°C/W. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Supply Voltage, ( + V|n) ^ 40V 

Other Input Voltages -0.3V to + V|n 

AIsink and BIsink Voltages -0.3V to +6V 

Parking Drive Output Voltage —0.3V to + 40V 

A and B Output Currents (Continuous) 

Source Internally Limited 

Sink 2.5A 

Total Supply Current (Continuous) 4A 

Parking Drive Output Current (Continuous) 150 mA 

Operating Junction Temperature -55°C to +150°C 

Power Dissipation at Tc = +75°C 25W 

Storage Temperature — 65°C to + 150'’C 

Note: 1. Voltages are referenced to ground, PIN 8. Currents are positive 
into, negative out of, the specified terminals. 

Thermal Data 

Thermal Resistance Junction to Case, 6-^q 3“C/W 


CONNECTION DIAGRAM 


MULTIWATT 15-PIN V PACKAGE 
(TOP VIEW) 
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UC3176 


ELECTRICAL CHARACTERISTICS Unless otherwise stated, specifications hold for Tj = 0°Cto +70°C, +V|n = 12V 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT SUPPLY I 

Supply Current 

+ V|N = 12V 


21 


mA 

+ V|N = 35V 


25 


mA 

UVLO Threshold 

+ V|N Low to High 


2.8 


V 

Threshold Hysteresis 


150 


mV 

POWER AMPLIFIERS, A and B | 

Input Offset Voltage 

•out = 0. VcM = 6V, Vqut = 6V 




mV 

Input Bias Current 

VcM == 6V, Except A + Input 


1 


IxA 

Input Bias Current 
at A + /Reference Input 

(A + /Ref - BlsiNK)/36ka 


28 


fxA/y 

Input Offset Current 

VcM = 6V, B Amp Only 


50 


nA 

CMRR 

VcM = 1 to 33V, +V|N = 35V. 

Vqut = 6V, Iqut = OA 


100 


dB 

PSRR 

+ V|fvj = 5 to 35V, VcM ~ 2,5V, Iqut ~ ^A 


100 


dB 

Thermal Feedback 

+ V|N = 20V, Pd = 20W 




jaV/W 

Saturation Voltage 

Iqut “ “2A, High Side 


1.7 


V 

Iqut = 2A, Low Side 


1.1 


V 

Unity Gain Bandwidth 



1 


MHz 

Slew Rate 



2 


V/jns 

Differential Iqut 

Sense Error Current in 

Bridge Configuration 

IIoutI - IaJsink “ BIsinkI. 

OA < IIoutI < 2A, 

AIqUT = “BIquT 


3 


mA 

Thermal Shutdown 

Tri-States A & B Outputs 


165 


°C 

CURRENT SENSE AMPLIFIER | 

Input Offset Voltage 

VcM = OV, A + /Refat6V 



2.0 

mV 

A + /Ref = 2Vto20V, +V|n = 35, 
as Percent of A + /Ref Voltage 



0.06 

% 

Thermal Gradient 

Sensitivity 

+ ViN = 20V, A + /Ref = 10V 

Pd = 20W 




mV/W 

Gain 

IaIsink “ BIsinkI < 0.5V 


8 


V/V 

Slew Rate 



4 


V/JLIS 

3 dB Bandwidth 



1 


MHz 

Max Output Current 

•source. +V|n - Vqut = o.5V 


3.0 


mA 

Output Saturation Voltage 

•source = 1-5 niA, High Side 


0.3 


V 

IsiNK 5 mA, Low Side 


1.0 


V 

UNDER-VOLTAGE COMPARATOR | 

Threshold Voltage 

High to Low, 

Other Input at 5V 


1.425 


V 

Low to High, 

Other Input at 5V 


1.50 


V 

Input Bias Current 

Input = IV, 

Other Input at 5V 


0.25 

1 

jxA 

PARK/INHIBIT | 

Park/Inhibit Threshold 



1.3 


V 

Park/Inhibit Input 

Current 

At Threshold 


70 


fiA 

Park Drive Sat V 

•out ~ 1 00 mA 


0.7 


V 

Parking Drive Leakage 

Vqut = 35V 



50 

fxA 
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APPLICATION AND OPERATION INFORMATION 

The UC3176 in a Full Bridge Transconductance Amplifier 



(♦V|n) 


0013-3 


Waveforms for Above Application 


Design Equations 




Vp 

-Vp 

Vp*Go 

-Vp*Go 



^ 


Vp*Go 


Transconductance (Gn) = -rTTr 

Vs Rpi 8 * Rs 

With: Rsa = Rsb = Rs. and Rbi = Rb2 

Parking Current (Ip) = ( + V|n - 1.5V)/(Rp +Rl) 
Where: Rl = Load DC Impedence 

Under-Voltage Thresholds, at Supplies 

High to Low Threshold, (Vlh) = 1 -425 (Ra + Rb)/Rb 

Low to High Threshold, (VhO = 1 .5 (Ra + Rb)/Rb 


I 


^ 




- Vp*Go 

0013-4 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


4-60 


PRINTED IN U.S.A. 











LINEAR INTEGRATED CIRCUITS UC3620 

Switchmode Driver For 3-0 Brushless DC Motors 


FEATURES 


DESCRIPTION 


• 2A Continuous, 3A Peak Output Current 

• 8V to 40V Operation 

• Internal High Gain Amplifier for Servo 
Applications 

• TTL Compatible Hall Inputs 

• Mask Programmable Decode Logic 

• Pulse-by-Pulse Current Limiting 

• Internal Thermal Shutdown Protection 

• Under-Voltage Lockout 

• 15 Lead, 25W Multiwatt® Package 


The UC3620 is a brushless DC motor driver capable of decoding and driving all 3 
windings of a 3-phase brushless DC motor. In addition, an on-board current comparator, 
oscillator, and high gain Op-Amp provide all necessary circuitry for implementing a high 
performance, chopped mode servo amplifier. Full protection, including thermal 
shutdown, pulse-by-pulse current limiting, and under-voltage lockout aid in the simple 
implementation of reliable designs. Both conducted and radiated EMI have been greatly 
reduced by limiting the output dv/dt to 150V//iS for any load condition. 

The UC3620 offers standard 60 mechanical degree, four-pole, hall decoding per Table 1. 
Other decoding options are available via mask programming at the factory. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, Vcc 40V 

Output Current, Source or Sink 

Non-Repetitive (t = lOO/ysec), lo 3A 

Repetitive (80% on - 20% off; toN = lOms) 2.5A 

DC Operation 2A 

Analog Inputs -0.3 to +Vcc 

Logic Inputs -0.3 to +Vcc 

Total Power Dissipation (at Tcase = 75°C) 25W 

Storage and Junction Temperature -40°C to +150°C 

Note: 1. All voltages are with respect to ground, pin 8. Currents are 


positive into, negative out of the specified terminal. 


THERMAL DATA 

Thermal Resistance Junction-Case, B]c 3®C/W Max 

Thermal Resistance Junction-Ambient, 0ja 35°C/W Max 


BLOCK DIAGRAM 


TIMING Vcc 



GND ISENSE FWD/ REVERSE HA HB HC EMITTERS 

HALL INPUTS 
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MECHANICAL DATA 



CONNECTION DIAGRAM (TOP VIEW) 



ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vcc(pin 3) = 20V, Rj = 10k, 
Ct = 2.2nF) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 1 UNIT 

Error Amplifier Section | 

Input Offset Voltage 



1.5 

10 

mV 

Input Bias Current 



-.25 

-2.0 


Input Offset Current 



15 

250 

nA 

Common Mode Range 

Vcc = 8V to 40V 

0 


Vin-2 

V 

Open Loop Gain 

AVpiN 6 = IV to 4V 

80 

100 


dB 

Unity Gain Bandwidth 

Tj = 25°C, Note 2 


0.8 


MHz 

Output Sink Current 

VpiN 6 = IV 


2 


mA 

Output Source Current 

VpiN 6 = 4V 


8 


mA 

Current Sense Section | 

Input Bias Current 



-2.0 

-5 


Internal Clamp 


.425 

0.5 

.575 

V 

Divider Gain 


.180 

0.2 

.220 

V/V 

Internal Offset Voltage 


.8 

1.0 

1.2 

V 

Timing Section | 

Output Off Time 


18 

20 

22 

fjS 

Upper Mono Threshold 



5.0 


V 

Lower Mono Threshold 



2.0 


V 

Decoder Section | 

High-Level Input Voltage 


2.2 



V 

Low-Level Input Voltage 




0.8 

V 

High-Level Input Current 




10 


Low-Level Input Current 


-10 



aA 

Output Section | 

Output Leakage Current 

Vcc = 40V 



500 

fjA 

Vf, Schottky Diode 

< 

C\J 

II 

0 


1.5 

2.0 

V 

Vf, Substrate Diode 

0 

II 

N) 

> 


2.2 

3.0 

V 

Total Output Voltage Drop 

lo = 2A, Note 3 


3.0 

3.6 

V 

Output Rise Time 

< 

C\J 

II 

_o 


150 


ns 

Output Fall Time 

;io = 2A 


150 


ns 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
3. The total voltage drop is defined as the sum of both top and bottom side driver. 
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UC3620 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vcccpin 3 ) = 20V, Rj = 10k, 
Ct = 2.2nF) 


PARAMETER 

TEST CONDITIONS | MIN. 

TYP. 

MAX. 

UNIT 

Under-Voltage Lockout | 

Start-Up Threshold 




8.0 

V 

Threshold Hysteresis 



0.5 


V 

Thermal Shutdown | 

Junction Temperature 

I 150 


180 1 °C 

Total Standby Current | 

Supply Current 

1 


55 1 mA 


TABLE 1 


STEP 

FWD/ 

REV 

Ha 

Hb 

He 


Aout 

Bout 

COUT 

1 

1 

1 

0 

1 


H 

L 

0 

2 

1 

1 

0 

0 


H 

0 

L 

3 

1 

1 

1 

0 


0 

H 

L 

4 

1 

0 

1 

0 


L 

H 

0 

5 

1 

0 

1 

1 


L 

0 

H 

6 

1 

0 

0 

1 


0 

L 

H 

1 

0 

1 

0 

1 


L ; 

H 

0 

2 

0 

1 

0 

0 


L 

0 

H 

3 

0 

1 

1 

0 


0 ; 

L 

H 

4 

0 

0 

1 

0 


H 

L 

0 

5 

0 

0 

1 

1 


H 

0 

L 

6 

0 

0 

0 

1 


0 

H 

L 


H = HIGH OUTPUT 
L = LOW OUTPUT 
0 = OPEN OUTPUT 


CIRCUIT DESCRIPTION 

The UC3620 is designed for implementation of a complete 3-4) 
brushless DC servo drive using a minimum number of external 
components. Below is a functional description of each major 
circuit feature. 

DECODER 

Table 1 shows the decoding scheme used in the UC3620 to 
decode and drive each of three high current totem pole output 
stages. A forward /reverse signal, pin 13, is used to provide 
direction. At any point in time, one driver is sourcing, one driver is 
sinking, and the remaining driver is off or tri-stated. Pulse width 
modulation is accomplished by turning the sink driver off during 
the monostable reset time, producing a fixed off-ti me chop mode. 
Controlled output rise and fall times help reduce electrical 
switching noise while maintaining relatively small switching 
losses. 

CURRENT SENSING 

Referring to Figure 1, emitter current is sensed across Rs and fed 
back through a low pass filter to the current sense pin 7. This filter 
is required to eliminate false triggering of the monostable due to 
leading edge current spikes. Actual filter values, although 
somewhat dependent on external loads, will generally be in the 
IKfi and lOOOpF range. 



Figure 1. Current Sense Filter 
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TIMING 

An R-C time constant on pin 9 is used by the monostable to 
generate a fixed off time at the outputs according to the formula: 

Toff = .916 RtCt 

As the peak current in the emitters approaches the value at the 
minus (-) input of the on-board comparator, the monostable is 
triggered, causing the outputs to be turned off. On time is 
determined by the amount of time required for motor current to 
increase to the value required to re-trip the monostable. A timing 
sequence of these events is shown in Figure 2. 


EMITTER CURRENT 
(PIN 1+7) 


TIMING (PIN 9) 
VOLTAGE 


CHOPPED OUTPUT 
VOLTAGE 



I I 

|-<-tOFF-^ 



OV’ 


Figure 2. Chopped Mode Timing Diagram 


CURRENT LIMIT 

Since peak current is being controlled at all times by the internal 
comparator, a simple voltage clamp at its negative (-) input will 
limit peak current to a maximum value. A fixed 0.5V internal 
clamp has been included on the UC3620, and any current spike in 
the output which generates a sensed voltage greater than 0.5V will 
immediately shut down the outputs. Actual peak current values 
may be programmed by selecting the appropriate value of Rs 
according to the formula: 

Rs = 0.5/Icurrent limit 


ERROR AMPLIFIER 

A high performance, on-board error amplifier is included to 
facilitate implementing closed loop motor control. Error voltage 
generation and loop compensation are easily accomplished by 
appropriately configuring the gain and feedback of this amplifier. 
To provide a larger dynamic signal range at the output of the error 
amplifier, a divide by 5 resistor network is used to reduce the error 
signal level before applying to the internal comparator. In 
addition, a one volt offset has been introduced at the output of the 
error amplifier to guarantee control down to zero current in the 
output stages. Since this offset is divided by the open loop gain of 
the feedback loop, it has virtually no effect on closed loop 
performance. 

PROTECTION FUNCTIONS 

Protective functions including under-voltage lockout, peak 
current limiting, and thermal shutdown, provide an extremely 
rugged device capable of surviving under many types of fault 
conditions. Under-voltage lockout guarantees the outputs will be 
off or tri-stated until Vcc is sufficient for proper operation of the 
chip. Current limiting limits the peak current for a stalled or 
shorted motor, whereas thermal shutdown will tri-state the 
outputs if a temperature above 150®C is reached. 


TYPICAL APPLICATIONS 



3-0 BRUSHLESS DC OPEN LOOP MOTOR DRIVE 
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3-0 BRUSHLESS DC OPEN LOOP MOTOR DRIVE WITH CURRENT LIMIT 



CLOSED LOOP SPEED CONTROL SERVO 
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LINEAR INTEGRATED CIRCUITS 

Switchmode Driver For 3-0 Brushless DC Motors 


UC3622 


• 2A Continuous, 3A Peak Output Current The UC3622 is a I 

• 8V to 40V Operation windings of a S-pf 

, r- , , latched PWM com 

• Pulse-Width frequency, pulse v 

Modulation for Servo Applications shutdown, pulse-b 

• TTL Compatible Hall Inputs simple implement 

• Pulse-by-Pulse Current Limiting been reduced by I 

• Internal Thermal Shutdown Protection The UC3622 will ( 

• Under-Voltage Lockout compatible vj\ih T 

• 15 Lead, 25W Multiwatt® Package single external inv 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc * 40V 

Output Current, Source or Sink 

Non-Repetitive (t = lOOiUSec)^ to — * 3A 

Repetitive (80% on - 20% off; ton = 10ms) 2.5A 

DC Operation 2A 

Analog Inputs -0.3 to +Vcc 

Logic Inputs -0.3 to +Vcc 

Total Power Dissipation (at Tcase = 75°C) 25W 

Storage and Junction Temperature -40°C to +150°C 

Note: 1. All voltages are with respect to ground, pin 8. Currents are 
positive into, negative out of the specified terminal. 


DESCRIPTION 

The UC3622 is a brushless DC motor driver capable of decoding and?ddving all 3 
windings of a 3-phase brushless DC motor. In addition, an on-board oscillator and 
latched PWM comparator provide the necessary circuitryior.TO a fixed- 

frequency, pulse width modulated servo amplifier. Fulfeprotectton, incliading thermal 
shutdown, pulse-by-pulse current limiting, and urtder-voltage lockout aid in the 
simple implementation of reliable designs. Both conducted and radiated EMI have 
been reduced by limiting the output dv/dt to 150/iS for any load condition. 

The UC3622 will decode and drive alt 3-phase motors with hall decode schemes 
compatible with Table 1.- Alt other schemes can be decoded with the addition of a 
single external inverter. 


THERMAL DATA 


Thermal Resistance Junction-Case, 6\c 3°C/W Max 

Thermal Resistance Junction-Ambient, 6\a 35°C/W Max 


BLOCK DIAGRAM 
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UC3622 


MECHANICAL DATA 


CONNECTION DIAGRAM (TOP VIEW) 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vcccpin 3) = 20V, Rt = 47k, 
Ct = .015a<F) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

PWM Comparator Section | 

Input Offset Voltage 




10 

mV 

Input Bias Current 




5 


Current Sense Section | 

Input Bias Current 




5 

aA 

Internal Offset Voltage 


.25 

0.3 

.35 

V 

Oscillator Section | 

Initial Accuracy 

Tj = 25°C 

9 

10 

11 

kHz 

Temperature Stability 

Over Operating Range 


2 


% 

Ramp Peak 



3.3 


V 

Ramp Valley 



1.3 


V 

Decoder Section | 

High-Level Input Voltage 


2.5 



V 

Low-Level Input Voltage 




0.8 

V 

High-Level Input Current 




10 

aA 

Low-Level Input Current 


-10 



aA 

Output Section | 

Output Leakage Current 

Vcc = 40V 



500 

aA 

Vf, Schottky Diode 

lo = 2A 


1.5 

2.0 

V 

Total Output Voltage Drop 

lo = 2A, Note 3 


3.0 

3.6 

V 

Output Rise Time 

< 

CM 

II 

_o 


150 


ns 

Output Fall Time 

< 

CM 

II 

o 


150 


ns 

Under-Voltage Lockout | 

Start-Up Threshold 




8.0 

V 

Threshold Hysteresis 



0.5 


V 

Thermal Shutdown | 

Junction Temperature 


150 


180 



Total Standby Current | 

Supply Current 


1 1 55 

1 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
3. The total voltage drop is defined as the sum of both top and bottom side driver. 
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TABLE 1 


STEP 

INHIBIT 

DIR 

Ha 

Hb 

He 

LOCK 


Aout 

Bout 

CoUT 

1 

0 

1 

1 

0 

0 

1 


0 

H 

L 

2 

0 

1 

1 

1 

0 

1 


L 

H 

0 

3 

0 

1 

1 

1 

1 

1 


L 

0 

H 

•4 

0 

1 

0 

1 

1 

1 


0 

L 

H 

5 

0 

1 

0 

0 

1 

1 


H 

L 

0 

6 

0 

1 

0 

0 

0 

1 


H 

0 

L 

1 

0 

0 

1 

1 

1 

1 


H 

0 

L 

2 

0 

0 

1 

1 

0 

1 


H 

L 

0 

3 

0 

0 

1 

0 

0 

1 


0 

L 

H 

4 

0 

0 

0 

0 

0 

1 


L 

0 

h' 

5 

0 

0 

0 

0 

1 

1 


L 

H 

0 

6 

0 

0 

0 

1 

1 

1 


0 

H 

L 

— 

1 

X 

X 

X 

X 

X 


0 

0 

0 

- 

0 

X 

X 


X 

0 


H 

0 

L 


H = HIGH OUTPUT L = LOW OUTPUT (f) = OPEN (TRISTATE) OUTPUT 


CIRCUIT DESCRIPTION 


TIMING 


The UC3622 is designed for implementation of a complete 3- 
phase brushless DC servo drive using a minimum number of 
external components. Below is a functional description of each 
major circ.uit feature. 

DECODER 

Table 1 shows the logic scheme employed to decode and drive 
each of three high current, totem pole, output stages. A for- 
ward/reverse signal. Pin 13, is used to provide direction. At any 
time, one driver is sourcing, one driver is sinking, and the remain- 
ing driver is off or tri-stated. Pulse width modulation is accomp- 
lished by chopping all drivers during current control 
(fixed-frequency PWM), producing a four-quadrant, regenerative 
mode drive. Controlled output rise and fall times help reduce 
electrical switching noise while maintaining relatively small 
switching losses. 

HALL INPUTS 

The Hall input pins (#10, 11, 12) are not provided with internal 
pull-up resistors. If these are required for the Hall devices, they 
must be added externally. 

CURRENT LIMIT 


An RC circuit at Pin 6 is used to set the PWM frequency, as shown 
in Figure 2. The frequency is determined by the formula 


Vosc “ 2.37 

2.4R.C. 

Note: Rt should be chosen so that 
Vosc “ 2.4 


50/uA < 


Rt 


< 1mA 


INHIBIT 

The INHIBIT input (Pin 9) must be lowduring normal operation. A 
high level at this pin forces all three outputs to the open state, and 
can be used to allow the motor to coast. 


LOCK 

A low level at LOCK (Pin 7), together with a low level at INHIBIT, 
sets the following output condition: 

Aout HIGH 

Bout OPEN 

CouT LOW 


Referring to Figure 1, emitter current is sensed across RuMiTand 
fed back through a low pass filter to the current sense, Pin 4. This 
filter is required to eliminate false triggering of the monostable 
due to leading edge current spikes. Actual filter values, although 
somewhat dependent on external loads, will generally be in the Ik 
and lOOOpF range. An internal 0.3V reference voltage limits the 
motor current to 

0.3 

I max = 

Rlimit 


This can be used as part of a circuit intended to force the motor 
shaft to a desired parking position. 

PROTECTION FUNCTIONS 

Protective functions including under-voltage lockout, peak cur- 
renMimiting, and thermal shutdown, provide an extremely rugged 
device capable of surviving under many types of fault conditions. 
Under-voltage lockout guarantees the outputs will be off or tri- 
stated until Vcc is sufficient for proper operation of the chip. 
Current limiting limits the peak current for a stalled or shorted 
motor, whereas thermal shutdown will tri-state the outputs if a 
temperature above 150°C is reached. 
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LINEAR INTEGRATED CIRCUtTS uc3657 

Triple Tri-State Power Driver preliminary 


FEATURES 

• Operating Supply Voltage to 32V 

• Load Current Capability to 3A 

• Built-In Thermal Protection 

• Clamp Diodes Included for Driving 
Inductive Loads 

• 25W Multiwatt® Power-Tab Package 

• Individual Logic Inputs for Each Driver 

• Master Inhibit Input for Power-Down 
and Coast 

• TTL/CMOS Compatible Inputs 


DESCRIPTION 

The UC3657 triple power driver integrated circuit is well suited to driving three-phase 
motors, stepper motors, brush motors, inductors, incandescent lamps, resistive loads 
and long lines with controlled voltage slew rates. The UC3657 features minimum satura- 
tion voltage with light loads as well as low saturation voltage for loads in excess of 2A. 

Each output contains two clamp diodes to conduct transient currents from inductive 
loads. The diode to Vcc is a fast, low voltage-drop Schottky type, while the diode to 
ground is a slower P-N junction device. 

The UC3657 is completely safe from destruction due to incorrect combinations of logic 
inputs. For best performance, however, it is recommended that the inputs are driven 
with logic signals that have transition times faster than lOOnS. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 35V 

Logic Input Voltage -0.3 to +35V 

Peak Output Current (each channel) 

Non-Repetitive lOOfjS 3A 

Repetitive, 8mS on, 2mS off 2.5A 

Continuous 2A 

Total Power Dissipation, Ttab = 75°C 25W 

Derate for Ttab > 75°C 0.3W/°C 

Storage and Junction Temperature -40°C to +150°C 

THERMAL DATA 

Thermal Resistance, Junction to Case 3°C/W 

Thermal Resistance, Junction to Ambient 35°C/W 


CONNECTION DIAGRAM 



BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS (0°C < Ta < 70"C, Vcc = 12V unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Ice, Outputs Off 

A1,B1,C1 = H A2, B2, C2 = L INH = L 


10 

25 

mA 

Ice, Outputs High 

Al, Bl, Cl = L A2, B2, C2 = L INH = L 


10 

28 

mA 

Ice, Outputs Low 

A1,B1,C1 = L A2, B2, C2 = H INH = L 


40 

70 

mA 

Ice, Chip Inhibited 

INH = H 


0.5 

5 

mA 

Ice, One Output Low 2A 

A2, B2, C2 = H INH = L 


100 


mA 

Vee Range, Operating 


8 


32 

V 

Turn-On Threshold 



7.5 

8 

V 

Turn-Off Threshold 



7.0 


V 

Thermal Shutdown Temperature 



170 


°C 

Thermal Reeovery Temperature 



160 


°C 

Logie Input Threshold 


0.8 


2.0 

V 

Input Low Current: Al, A2, Bl, B2, Cl, C2 

at O.OV 


4 

20 

aA 

Inhibit Low Current; INH 

at O.OV 



20 

^k 

Input High Current; Al, A2, Bl, B2, Cl, C2 

at 3.0V 



10 

fjk 

Inhibit High Current; INH 

at 3.0V 


0.2 

1 

mA 

Output Low Voltage 

A2, B2, C2 = H INH = L 

AE, BE, CE Grounded 

100mA 


.07 

.12 

V 

lA 


.37 

.75 

V 

2A 


.7 

1.25 

V 

Output High Voltage, to Vee 

Al, B1,C1 = L INH = L 

A2, B2, 02 = L 

100mA 


-.9 

-1.3 

V 

lA 


-1.2 

-1.5 

V 

2A 


-1.5 

-1.9 

V 

Propagation Delay, Off-High 

Test Circuit, Drive Al, Bl, or Cl 


.1 


fjS 

Propagation Delay, Off-Low 

Test Circuit, Drive A2, B2, or C2 


3.2 


fjS 

Propagation Delay, High-Low 

Test Circuit, Drive kl+k2, B1+B2, or C1+C2 


.25 


fjS 

Propagation Delay, Low-High 

Test Circuit, Drive A1+A2, B1+B2, or C1+C2 


.51 


fjS 

Propagation Delay, High-Off 

Test Circuit, Drive Al, Bl, or Cl 


.4 


aS 

Propagation Delay, Low-Off 

Test Circuit, Drive A2, B2, or C2 


.35 


fjS 

Propagation Delay, Low-Inhibit 

Test Circuit, Drive INH 


1.5 


yuS 

Propagation Delay, Inhibit-Low 

Test Circuit, Drive INH 


.6 


A/S 

Propagation Delay, High-Inhibit 

Test Circuit, Drive INH 


2.5 


/jS 

Propagation Delay, Inhibit-High 

Test Circuit, Drive INH 


.5 1 


aS 

Output Slew Rate, Output Rising 

lOOn Load to GND; Drive A1+A2, B1+B2, or C1+C2 


50 


V/a/S 

Output Slew Rate, Output Falling 

lOOn Load to Vcc: Drive A1+A2, B1+B2, or C1+C2 


50 


V/a/S 

Output Leakage Current 

INH = H, Vcc = 32V, OV < Vqut < 32V 

-250 


250 

aA 

High-Side Diode 2A Drop 

INH = H 


1.3 

! 2 

V 

Low-Side Diode 2A Drop 

INH = H 


‘ 1.6 

1 3 

V 


PROPAGATION DELAY TEST CIRCUIT 

Connect only one channel at a time. 


+5V +5V +5V +12V 
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TYPICAL CHARACTERISTICS, 25°C, 12V 




0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 


LOAD CURRENT - (A) 


DIODE CURRENT 


LOGIC TRUTH TABLE 


Input 1 

Input 2 

INH 

Output 

X 

X 

H 

Off 

H 

L 

X 

Off 

L 

L 

L 

High 

X 

H 

L 

Low 


L means input voltage < 0.8V. 

H means input voltage > 2.0V. 

Off means output is high impedance. 

Low means output is low impedance to "E.” 

High means output is low impedance to “Mcc” 

X means input voltage will not affect the output (don’t care). 


EQUIVALENT INPUT CIRCUIT 


Vcc 
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UC3657 


TYPICAL APPLICATIONS 

DC BRUSH MOTOR DRIVER WITH FAULT LATCH 

Vcc Vcc 



DC Brush Motor Driver with Fault Latch 


This application features a fault latch to detect a shorted wire, 
stuck rotor, or other problem that can cause current to exceed 
some threshold. A single sense resistor is used with a voltage 
comparator to detect this fault. Emitter resistor “A” is used to 
sense total low-side current, and inhibit all devices in the event 
that current exceeds a threshold. Resistor "B” sets the compara- 
tor threshold, and a set-reset flip-flop latches the error signal to 


prevent oscillation. Matched RC filters on the comparator inputs 
allow operation close to threshold with good supply-noise 
rejection. 

To achieve high currents, UC3657 outputs have been paralleled. 
This is practical within the device current and power ratings, 
according to the derating specification for the package. 


BRUSHLESS MOTOR DRIVER 


MECHANICAL DATA 


Vcc 
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LINEAR INTEGRATED CIRCUITS 

Stepper Motor Drive Circuit 


UC3717A 


FEATURES 

• Full-Step, Half-Step and Micro-Step 
Capability 

• Bipolar Output Current up to lA 

• Wide Range of Motor Supply Voltage 
10-46V 

• Low Saturation Voltage with Integrated 
Bootstrap 

• Built-In Fast Recovery Commutating 
Diodes 

• Current Levels Selected in Steps or 
Varied Continuously 

• Thermal Protection with Soft 
Intervention 


DESCRIPTION 

The LIC3717A is an improved version of the UC3717, used to switch drive the current in 
one winding of a bipolar stepper motor. The LIC3717A has been modified to supply 
higher winding current, more reliable thermal protection, and improved efficiency by 
providing integrated bootstrap circuitry to lower recirculation saturation voltages. The 
diagram shown below presents the building blocks of the UC3717A. Included are 
an LS-TTL compatible logic input, a current sensor, a monostable, a thermal shutdown 
network, and an H-bridge output stage. The output stage features built-in fast recovery 
commutating diodes and integrated bootstrap pull up. Two LIC3717As and a few 
external components form a complete control and drive unit for LS-TTL or micro- 
processor controlled stepper motor systems. 

The LIC3717A is characterized for operation over the temperature range of 
0°C to +70°C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage 

Logic Supply, Vcc 7V 

Output Supply, Vm 50V 

Input Voltage 

Logic Inputs (Pins 7, 8, 9) 6V 

Analog Input (Pin 10) Vcc 

Reference Input (Pin 11) 15V 

Input Current 

Logic Inputs (Pins 7, 8, 9) -10mA 

Analog Inputs (Pins 10, 11) -10mA 

Output Current (Pins 1,15) ±1.2A 

Junction Temperature, Tj +150°C 

Thermal Resistance, Junction to Ambient (NE Package) 45°C/W 

Thermal Resistance, Junction to Case (NE Package) 11°C/W 

Thermal Resistance, Junction to Ambient (J Package) 100°C/W 

Thermal Resistance, Junction to Case (J Package) 60°C/W 

Storage Temperature Range, Ts -55°C to +150°C 


Note: 1. All voltages are with respect to ground. Pins 4, 5, 12, 13. 

Currents are positive into, negative out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-ie (TOP VIEW) 


J or NE PACKAGE 


Bout [TI 


EMITTERS 

TIMING [T 


m Aout 

v.[I 


U] Vm 

GND [T 


H] GND 

GND [W 


ID GND 

Vcc[T 


ID Vr 

h[T 


ID CURRENT 

PHASE [T 


TJio 


BLOCK DIAGRAM 


Vcc Aout Bout 3. 14 Vm ■ 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Figure 6. Vm = 36V, Vcc = 5V, Vr = 5V, Ta = 0°C to +70°C, unless otherwise 


stated). 


PARAMETERS 

TEST 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage, 

Vm (Pins 3, 14) 


10 


46 

V 

Logic Supply Voltage, 

Vcc (Pin 6) 


4.75 


5.25 

V 

Logic Supply Current, 

Ice (Pin 6) 

lo = h = 0 


7 

15 

mA 

Thermal Shutdown Temperature 


+ 160 


+ 180 

°C 

Logic Inputs 1 

Input Low Voltage 
(Pins 7, 8, 9) 




0.8 

V 

Input High Voltage 
(Pins 7, 8, 9) 


2 


Vcc 

V 

Low Voltage Input Current 
(Pins 7, 8, 9) 

Vi = 0.4V Pin 8 



-100 

aA 

Pins 7, 9 



-400 

High Voltage Input 

Current (Pins 7, 8, 9) 

Vi = 2.4V 



10 

aA 

Comparators | 

Comparator Low Threshold 

Voltage (Pin 10) 

Vr = 5V lo = L 

h = H 

66 

80 

90 

mV 

Comparator Medium 

Threshold Voltage (Pin 10) 

Vr = 5V lo = H 

li = L 

236 

250 

266 

mV 

Comparator High 

Threshold Voltage (Pin 10) 

_i _i 

II II 
_o 

> 

LO 

II 

CC 

> 

396 

420 

436 

mV 

Comparator Input 

Current (Pin 10) 




±20 

aA 

Cutoff Time, toFF 

Rt = 56Ka Ct = 820pF 

25 


35 

AS 

Turn Off Delay, td 

(See Figure 5) 




2 

AS 

Source Diode-Transistor Pair | 

Saturation Voltage, 

Vsat(Pins 1, 15) 

Im = -0.5A Conduction Period 


1.7 

2.1 

V 

(See Figure 5) Recirculation Period 


1.1 

1.35 

Saturation Voltage, 

Vsat (Pins 1, 15) 

Im = -lA Conduction Period 


2.1 

2.8 

V 

(See Figure 5) Recirculation Period 


1.7 

2.5 

Leakage Current 

Vm = 40V 



300 

aA 

Diode Forward Voltage 

Vf 

Im = -0.5A 


1 

1.25 

V 

Im = -lA 


1.3 

1.7 

Sink Diode-Transistor Pair | 

Saturation Voltage, 

Vsat (Pins 1, 15) 

Im = 0.5A 


1.1 

1.35 

V 

lm= lA 


1.6 

2.3 

Leakage Current 

Vm = 40V 



300 

aA 

Diode Forward Voltage 

Vf 

Im = 0.5A 


1.1 

1.5 

V 

lm= lA 


1.4 

2 
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UC3717A 



0.2 0.4 0.6 0.8 


OUTPUT CURRENT (A) 


Figure 1. Typical Source Saturation Voltage vs Output Current 
(Recirculation Period) 



0.2 0.4 0.6 0.8 


OUTPUT CURRENT (A) 


Figure 2. Typical Source Saturation Voltage vs Output Current 



0.2 0.4 0.6 0.8 


OUTPUT CURRENT (A) 


Figure 3. Typical Sink Saturation Voltage vs Output Current 



0.2 0.4 0.6 0.8 

OUTPUT CURRENT (A) 

Figure 4. Typical Power Dissipation vs Output Current 



(E) Vm = Vbout - Vaout 

I Ton 


n 

I 

ov- 




u 


Figure 5. Typical Waveforms with MA Regulating (phase = 0) 
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UC3717A 



Figure 6. UC3717A Test Circuit 


FUNCTIONAL DESCRIPTION 

The UC37 17A’s drive circuit shown in the block diagram includes 
the following components: 

(1) H-bridge output stage 

(2) Phase polarity logic 

(3) Voltage divider coupled with current sensing comparators 

(4) Two-bit D/A current level select 

(5) Monostable generating fixed off-time 

(6) Thermal protection 

OUTPUT STAGE 

The UC3717A’s output stage consists of four Darlington power 
transistors and associated recirculating power diodes in a full H- 
bridge configuration as shown in Figure 7. Also presented, is the 
new added feature of integrated bootstrap pull up, which 
improves device performance during switched mode operation. 
While in switched mode, with a low level phase polarity input, Q2 is 
on and Q3 is being switched. At the moment Q3 turns off, winding 
current begins to decay through the commutating diode pulling 
the collector of Q3 above the supply voltage. Meanwhile, Q6 turns 
on pulling the base of Q2 higher than its previous value. The net 
effect lowers the saturation voltage of source transistor Q2 during 
recirculation, thus improving efficiency by reducing power 
dissipation. 



Figure 7. Simplified Schematic of Output Stage 
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UC3717A 


PHASE POLARITY INPUT 

The UC3717A phase polarity input controls current direction in 
the motor winding. Built-in hysteresis insures immunity to noise, 
something frequently present in switched-drive environments. A 
low level phase polarity input enables Q2 and Q3 as shown in 
Figure 7, During phase reversal, the active transistors are both 
turned off while winding current decays through the commutating 
diodes shown. As winding current decays to zero, the inactive 
transistors Q1 and Q4 turn on and charge the winding with current 
of the reverse direction. This delay insures noise immunity and 
freedom from power supply current spikes caused by overlapping 
drive signals. 


PHASE INPUT 

Ql, Q4 

Q2, Q3 

LOW 

OFF 

ON 

HIGH 

ON 

OFF 


CURRENT CONTROL 

The voltage divider, comparators, monostable, and two-bit D/A 
provide a means to sense winding peak current, select winding 
peak current, and disable the winding sink transistors. 

The UC3717A switched driver accomplishes current control 
using an algorithm referred to as "fixed off-time.” When a voltage 
is applied across the motor winding, the current through the 
winding increases exponentially. The current can be sensed 
across an external resistor as an analog voltage proportional to 
instantaneous current. This voltage is normally filtered with a 
simple RC low-pass network to remove high-frequency transients, 
and then compared to one of the three selectable thresholds. The 
two-bit D/A input signal determines which one of the three 
thresholds is selected, corresponding to a desired winding peak 
current level. At the moment the sense voltage rises above the 
selected threshold, the UC3717A’s monostable is triggered and 
disables both output sink drivers for a fixed off-time. The winding 
current then circulates through the source transistor and 
appropriate diode. The reference terminal of the UC3717A 
provides a means of continuously adjusting the currentthreshold 
to allow microstepping. Table 1 presents the relationship between 
the two-bit D/A input signal and selectable current level. 


TABLE 1 


lo 


CURRENT LEVEL 

0 

0 

100% 

1 

0 

60% 

0 

1 

19% 

1 

1 

CURRENT INHIBIT 


OVERLOAD PROTECTION 

The UC3717A is equipped with a new, more reliable thermal 
shutdown circuit which limits the junction temperature to a 
maximum of 180°C by reducing the winding current. 

PERFORMANCE CONSIDERATIONS 

In order to achieve optimum performance from the UC3717A 
careful attention should be given to the following items. 


External Components 

The UC3717A requires a minimal number of external 
components to form a complete control and switch drive unit. 
However, proper selection of external components is necessary 
for optimum performance. The timing pin, (pin 2) is normally 
connected to an RC network which sets the off-time for the sink 
power transistor during switched mode. As shown in Figure 8, 
prior to switched mode, the winding current increases 
exponentially to a peak value. Once peak current is attained the 
monostable is triggered which turns off the lower sink drivers for a 
fixed off-time. During off-time windingcurrent decays through the 
appropriate diode and source transistor. The moment off-time 
times out, the motor current again rises exponentially producing 
the ripple waveform shown. The magnitude of winding ripple is a 
direct function of off-time. For a given off-time toFF, the values of 
Rt and Cj can be calculated from the expression: 

Toff = 0.69 RtCt 

with the restriction that Rt should be in the range of 10- 100k. As 
shown in Figure 5, the switch frequency Fs is a function of Toff 
and Ton- Since Ton is a function of the reference voltage, sense 
resistor, motor supply, and winding electrical characteristics, it 
generally varies during different modes of operation. Thus, Fs 
may be approximated nominally as: 

Fs = 1 / 1.5 (Toff) 

Normally, switch frequency is selected greater than 20kHz to 
prevent audible noise, and lower than lOOkHz to limit power 
consumed during the switching cycle. 



Figure 8. A typical winding current waveform. Winding current 
rises exponentially to a selected peak value. The peak 
value is limited by switched mode operation producing 
a ripple in winding current. A phase polarity reversal 
command is given and winding current decays to zero, 
then increases exponentially in the reverse direction. 

Low-pass filter components Rc Cc should be selected so that all 
switching transients from the power transistors and commutating 
diodes are well smoothed, but the primary signal, which can be in 
the range of 1/Toff or higher must be passed. Figure 5a shows 
the waveform which must be smoothed. Figure 5b presents the 
desired waveform that just smooths out overshoot without radical 
distortion. 
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The sense resistor should be chosen as small as practical to allow 
as much of the winding supply voltage to be used as overdrive to 
the motor winding. Vrs, the voltage across the sense resistor, 
should not exceed 1.5V. 

Voltage Overdrive 

In many applications, maximum speed or step rate is a desirable 
performance characteristic. Maximium step rate is a direct 
function of the time necessary to reverse winding current with 
each step. In response to a constant motor supply voltage, the 
winding current changes exponentially with time, whose shape is 
determined by the winding time constant and expressed as: 

Im = Vm/R [1-EXP(-RT/L)] 

as presented in Figure 9. With rated voltage applied, the time 
required to reach rated current is excessive when compared with 
the time required with over-voltage applied, even though the time 
constant L/R remains constant. With over-voltage however, the 
final value of current is excessive and must be prevented. This is 
accomplished with switch drive by repetitively switching the sink 
drivers on and off, so as to maintain an average value of current 
equal to the rated value. This results in a small amountof ripple in 
the controlled current, but the increase in step rate and 
performance may be considerable. 



Figure 9. With rated voltage applied, winding current does not 
exceed rated value, but takes L/R seconds to reach 
63% of its final value— probably too long. Increased 
performance requires an increase in applied voltage, 
or overdrive, and therefore a means to limit current. 
The UC3717A motor driver performs this task 
efficiently. 


Interference 

Electrical noise generated by the chopping action can cause 
interference problems, particularly in the vicinity of magnetic 
storage media. With this in mind, printed circuit layouts, wire runs 
and decoupling must be considered. 0.01 to O.lyuF ceramic 
capacitors for high frequency bypass located near the drive 
package across \/+ and ground might be very helpful. The 
connection and ground leads of the current sensing components 
should be kept as short as possible. 


Half-Stepping 

In half step sequence the power input to the motor alternates 
between one or two phases being energized. In a two phase motor 
the electrical phase shift between the windings is 90°. The torque 
developed is the vector sum of the two windings energized. 
Therefore when only one winding is energized the torque of the 
motor is reduced by approximately 30%. This causes a torque 
ripple and if it is necessary to compensate for this, the Vr input 
can be used to boost the current of the single energized winding. 

MOUNTING INSTRUCTIONS 

The Rthj-amb of the UC3717A can be reduced by soldering the 
GND pins to a suitable copper area of the printed circuit board or 
to an external heat sink. 

The diagram of Figure 1 1 shows the maximum package power Ptot 
and the ^ja as a function of the side " / " of two equal square 
copper areas having a thickness of 35/y (see Figure 10). 

During soldering the pins’ temperature must not exceed 260°C 
and the soldering time must not be longer than 12 seconds. 

The printed circuit copper area must be connected to electrical 
ground. 



Figure 10. Example of P.C. Board Copper Area which is used as 
Heatsink 


5 


I 

CL 



Figure 11. Maximum Package Power and Junction to Ambient 
Thermal Resistance vs Side “ / ” 
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APPLICATIONS 

A typical chopper drive for a two phase bipolar permanent magnet 
or hybrid stepping motor is shown in Figure 12. The input can be 
controlled by a microprocessor, TTL, LS, or CMOS logic. 

The timing diagram in Figure 13 shows the required signal input 
for a two phase, full step stepping sequence. Figure 14 shows the 
requred input signal for a one phase-two phase stepping 
sequence called half-stepping. 

The circuit of Figure 15 provides the signal shown in Figure 13, 
and in conjunction with the circuit shown in Figure 12 will 
implement a pulse-to-step two phase, full step, bidirectional 
motor drive. 


The schematic of Figure 16 shows a pulse to half step circuit 
generating the signal shown in Figure 14. Care has been taken to 
change the phase signal the same time the current inhibit is 
applied. This will allow the current to decay faster and therefore 
enhance the motor performance at high step rates. 


Ordering Information 

UNITRODETYPE NUMBER 

UC3717ANE - 16 Pin Dual-in-line (DIL) “Bat Wing” Package 
UC3717AJ — 16 Pin Dual-in-line Ceramic Package 


+5 +5 +40 



Figure 12. Typical Chopper Drive for a Two Phase Permanent Magnet Motor 


I 1 I 2 I 3 I 4 I I I 2 I 3 I 4 I 



► FWD I ► REV 

Figure 13. Phase Input Signal for Two Phase Full Step Drive (4 Step Sequence) 
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POWER DRIVER & 
INTERFACE CIRCUITS 


PRODUCT SELECTION GUIDE 



DESCRIPTION 

KEY FEATURES 

PACKAGE 


Dual Solenoid Driver with 

• High Current Capability (Up to 2.5A per channel) 

15 Pin 


Current Control 

• High Voltage Operation (Up to 46V for Power Stage) 

• High Efficiency Switchmode Operation 

• Regulated Output Current (Adjustable) 

• Few External Components 

• Separate Logic Supply 

• Thermal Protection 

Power Tab 

□0195/296/395 

Smart Power Switch 

The UC195/395 family of devices are ultra reliable, fast, 
monolithic power transistors with complete overload protec- 
tion. These devices act as high gain power transistors and 

TO-5 



have on-chip, current limiting, power limiting, and thermal 
overload protection, making them virtually impossible to 
destroy. The UC195/395 offers a significant increase in 
reliability and simplifies power oircuitry designs. 

TO-220 



• Greater than 1.0A Output 

• 3.0juA Typical Base Current 

• 500ns Switching Time 

• 2.0V Saturation Voltage 

• Directly Interfaces with CMOS or TTL 

• Internal Thermal Limiting 


UC1704/3704 

Bridge Transducer Switch 

• Dual Matohed Current Sources 

16 Pin 



• High-Gain Differential Sensing Circuit 

• Wide Common-Mode Input Capability 

• Complimentary Digital Open-Collector Outputs 

• Externally Programmable Time Delay 

• Optional Output Latoh with Reset 

• Built-In Diagnostic Activation 

• Wide Supply Voltage Range 

• High Current Heater Power Source Driver 

DIL 

UC1705/3705 

[ High Speed Power Driver 

• 1.5A Totem Pole Output 

8 Pin 


[ (Single ended) 

• High Speed MOSFET Compatible 

DIL 



• Low Quiescent Current 

5 Pin 



• Low Cost Package 

TO-220 

UC1 706/3706 

Dual High Current 

• Dual, 1.5A, Totem Pole Outputs 

16 Pin 


MOSFET Compatible 

• Parallel or Push-Pull Operations 

DIL 


Output Driver 

• Single-Ended to Push-Pull Conversion (1706 Series) 

• Internal Overlap Protection 

• Analog, Latched Shutdown 

• High-Speed, Power MOSFET Compatible 

“Batwing” 

UC1707/3707 

Dual Uncommitted High 

• Thermal Shutdown Protection 



Current MOSFET 

• 5 to 40V Operation 



i Compatible Output Driver 

• Low Quiescent Current 


UC1728/3728 

! PWM Dual Driver 

Load Control and Status monitoring for two inductive loads) 

28 Pin 



up to 1 amp each. 

DIL 



• PWM Current Control 

• Dual, Floating Switches 

• Supply Voltage up to 60V 

• Tri-State Status Outputs 

• 60V Operation 

28 PLCC 

UC2950 

Half-Bridge Bipolar Switch 

• Source or Sink 4.0A 

5 Pin 



• Supply Voltage to 35V 

• High-Current Output Diodes 

• Tri-State Operation 

• TTL and CMOS Input Compatibility 

• Thermal Shutdown Protection 

• 300kHz Operation 

TO-220 
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POWER DRIVER & 
INTERFACE CIRCUITS (cont.) 


PRODUCT SELECTION GUIDE 


illill 

Illllilllliil 



UC3657 

Triple Half Bridge Power 
Driver 

See Motor Control Section 

15 Pin 

Power Tab 

UC3720 

Smart Switch 

Independent high and low side switching, up to 2.5A 
capability. 

• Full Protection 

• Over- and Under-Current Fault Indication 

• 50V Operation 

15 Pin 

Power Tab 

UC3722 

Five Channel 

Programmable Current 
Switch 

• Five Current-Sinking Switches 

• Programmable Currents from .5 to 2.5A 

• Internal Current Sensing 

• 40V Operation 

• Protection Features 

15 Pin 

Power Tab 

UC5170 

Octal Single Ended 

Line Driver 

Suited for data transmission systems. 

• Eight Driver in One Package 

• Meets EIA Standards 

• Single External Resistor Controls Slew Rate 

• Tri-State Outputs 

• Low Power Consumption 

• TTL Compatible 

28 Pin 

DIL 

28 PLCC 

UC6180/5181 

Octal Line Receiver 

Suited for digital communication requirements. 

• Eight Receivers in One Package 

• Meets EIA Standards 

• Single 5V Supply 

• Differential Inputs Withstand ±25V 

• Low Noise Filter (5180 Only) 

28 Pin 

DIL 

28 PLCC 
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LINEAR INTEGRATED CIRCUITS 

Dual Switchmode Solenoid Driver 


L295 


FEATURES 

• High current capability (up to 2.5A per 
channel) 

• High voltage operation (up to 46V for 
power stage) 

• High efficiency switchmode operation 

• Regulated output current (adjustable) 

• Few external components 

• Separate logic supply 

• Thermal protection 


DESCRIPTION 

The L295 Is a monolithic integrated circuit in a 15 lead MULTIWATT® package; it 
incorporates all the functions for direct interfacing between digital circuitry and 
inductive loads. The L295 is designed to accept standard microprocessor logic levels 
and drive 2 Independent solenoids. The output current is completely controlled by 
means of a switching technique allowing very efficient operation. Furthermore, it 
includes an enable Input and separate power supply inputs for bilevel operation such as 
interfacing with peripherals running at higher voltage levels. 

The L295 is particularly suitable for applications such as hammer driving in matrix printers, 
step motor driving and electromagnet controllers. 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Vc 50V 

Logic Supply Voltage, Vss 12V 

Enable and Input Voltage,VEN, Vj 7V 

Reference Voltage, Vref 7V 

Peak Output Current (each channel) 

Non-Repetitive, (t = 100/isec), lo 3A 

Repetitive (80% on -20% off; toN = 10ms) 2.5A 

DC Operation 2A 

Total Power Dissipation (at Tease = 75®C) 25W 

Storage and Junction Temperature -40 to +150°C 


THERMAL DATA 

Thermal Resistance Junction-Case, ^jc 3®C/W max 

Thermal Resistance Junction-Ambient, ^ja 35°C/W max 


BLOCK DIAGRAM 
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L295 


MECHANICAL DATA 


CONNECTION DIAGRAM (TOP VIEW) 




OUTPUT H ch 2 
OUTPUT L ch 2 
CURRENT SENSING 2 
REFERENCE VOLTAGE 2 
INPUT 2 

LOGIC SUPPLY VOLTAGE Vss 

OSCILLATOR RC NETWORK 

GROUND 

ENABLE 

INPUT 1 

REFERENCE VOLTAGE 1 
CURRENT SENSING 1 
OUTPUT L ch 1 
OUTPUT H ch 1 
SUPPLY VOLTAGE Vc 


ELECTRICAL CHARACTERISTICS (Refer to the application circuit, Vss = 5V, Vc = 36V, Tj = 25®C: unless otherwise specified, 
L = Low; H = High) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage 

Vc 


12 


46 

V 

Logic Supply Voltage 

Vss 


4.75 


10 

V 

Quiescent Drain Current (from Vc) 

Ic 

Vc=46V; Vii = Vi 2 = Ven = L 



4 

mA 

Quiescent Drain Current (from Vss) 

Iss 

Vss = lOV 



46 

mA 

Low Input Voltage 

ViiL, VizL 


-0.3 


0.8 

V 

High Input Voltage 

ViiH, Vi2H 


2.2 


7 

V 

Low Enable Input Voltage 

VenL 


-0.3 


0.8 

V 

High Enable Input Voltage 

VenH 


2.2 


7 

V 

Input Current 

Ii1 , Ii2 

Vii = Vi2 = L 



-100 

//A 

I 

II 

> 

II 

> 



10 

Enable Input Current 

Ien 

II 

z 

LU 

> 



-100 

A/A 

X 

II 

Z 

lU 

> 



10 

Input Reference Voltage 

Vrefi, VreF2 


0.2 


2 

V 

Input Reference Current 

Irefi, Iref2 




-5 


Oscillation Frequency 

fosc 

C = 3.9nF, R = 9.1KO 


25 


KHz 

Transconductance 
(each channel) 

Ip 

Vref 

Vref = IV, Rs = 0.50 

1.9 

2 

2.1 

A/V 

Total Output Voltage Saturation 
(each channel)* 

Vsat 

< 

CM 

II 

_p 


2.8 

3.6 

V 

External Sensing Resistors Voltage Drop 

Vsens 1» Vsens 2 




2 

V 


*Vsat = VcEsatQI + VcEsatQ2. 
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L295 


APPLICATION CIRCUIT 


+Vss +Vc 



FUNCTIONAL DESCRIPTION 

The L295 incorporates two independent driver channels with 
separate inputs and outputs, each capable of driving an inductive 
load (see block diagram). 

The device is controlled by three microprocessor compatible 
digital inputs and two analog inputs. These inputs are; 

EN chip enable (digital input, active low), enables both chan- 
nels when in the low state. 

V|N1, 

V|N 2 channel inputs (digital inputs, active high), enable each 
cliannel independently. A channel is activated when both 
EN and the appropriate channel input are active. 

Vrefi, 

Vref2 reference voltages (analog inputs), used to program the 
peak load currents. Peak load current is proportional to 
Vref. 

Since the two channels are identical, only channel one will be 
described. The following description applies equally to channel 
two, replacing FF2 for FFl, Vref2 for Vrefi etc. V^hen the channel 
is activated by a low level on the EN input and a high level on the 
channel input Vini, the output transistors Q1 and Q2 switch on 
and current flows in the load according to the exponential law: 



where: R1 and LI are the resistance and inductance of the load 
and V is the voltage available on the load 

The current increases until the voltage on the external sensing 
resistor, Rsi, reaches the reference voltage, Vrefi. This peak 
current, lpi, is given by: 

, Vrefi 

■ D 

Rsi 

At this point the comparator output. Comp 1 , sets the RS flip-flop, 
FFl, that turns off the output transistor, Ql. The load current 
flowing through D2, Q2, Rsi, decreases according to the law: 



where. Va - VcEsat q 2 + Vsense 1 + Vd2 

If the oscillator pin (9) is connected to ground the load current 
falls to zero as shown in Figure 1. 

At time tg, channel 1 is disabled by taking the inputs Vini low 
and/or EN high, and the output transistor Q2 is turned off. The 
load current flows through D2 and D1 according to the law: 



where: Vb = Vc + Vdi + Vd2 

It 2 = current value at the time t 2 . 

Figure 2 shows the current waveform obtained with an RC network 
connected between pin 9 and ground. From t© to ti the current 
increases as in Figure 1. A difference exists atthe time t 2 because 
the current starts to increase again. At this time a pulse is 
produced by the oscillator circuit that resets the flip flop, FFl, and 
switches on the output transistor, Ql. The current increases until 
the drop on the sensing resistor Rsi is equal to Vrefi (ta) and the 
cycle repeats. 

The switching frequency depends on the values of R and C, as 
shown in Figure 4 and must be chosen in the range 10 to 30KHz. 

It is possible with external hardware to change the reference 
voltage Vref in order to obtain a high peak current Ip and a lower 
holding current Ih (see Figure 3). 

The L295 is provided with a thermal protection that switches off 
all the output transistors when the junction temperature exceeds 
150°C. The presence of a hysteresis circuit makes the 1C work 
again after a fall of the junction temperature of about 20®C. 

The analog input pins (Vrefi, Vref2) can be left open or 
connected to Vss: in this case the circuit works with an internal 
reference voltage of about 2.5V and the peak current in the load is 
fixed only by the value of Rs: 


2.5 
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LINEAR INTEGRATED CIRCUITS 

Smart Power Transistor 


UC195 

UC295 

UC395 


FEATURES 

• Greater Than l.OA Output 

• 3.0//A Typical Base Current 

• 500ns Switching Time 

• 2.0V Saturation 

• Directly Interfaces with CMOS or TTL 

• Internal Thermal Limiting 


DESCRIPTION 

The UC195/UC395 family of devices are ultra reliable, fast, monolithic power 
transistors with complete overload protection. These devices act as high gain power 
transistors and have on chip, current limiting, power limiting, and thermal overload 
protection, making them virtually impossible to destroy. The UC195/UC395 offers a 
significant increase in reliability and simplifies power circuitry designs. 

The UC195/UC395 are available in standard TO-3 power packages and solid Kovar 
TO-5. The UC195 is rated for operation from -55°C to +150°C, the UC295 is rated from 
-25°C to +125°C, and the UC395 is rated from 0°C to +125°C. 


ABSOLUTE MAXIMUM RATINGS 

Collector to Emitter Voltage 

UC195, UC295 42V 

UC395 36V 

Collector to Base Voltage 

UC195, UC295 ..42V 

UC395 36V 

Base to Emitter Voltage (Forward) 

UC195, UC295 42V 

UC395 36V 

Base to Emitter Voltage (Reverse) 20V 

Collector Current Internally Limited 

Power Dissipation Internally Limited 

Operation Temperature Range 

UC195 -55°Cto+150°C 

UC295 -25X to +125°C 

UC395 0°Cto +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Soldering Temperature (10 seconds) 300°C 


THERMAL DATA 


TO-3 ^ia = 35°C/W 

TO-5 0ja = 150°C/W 


BLOCK DIAGRAM 
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MECHANICAL SPECIFICATIONS 


CONNECTION DIAGRAMS 


r 

A - 

L 





BOTTOM VIEW 
CASE: EMITTER 



INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX, 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-1 1.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 





INCHES 

MILLIMETERS 

A 

.335-.370 

8.51-9.40 

B 

.305-.335 

7.75-8.51 

C 

.240-.260 

6.09-6.60 

D 

1.5 MIN. 

38.10 MIN. 

E 

.010-.030 

.254-.762 

F 

017 ± -002 
.001 

432 ± 

.025 

'W 

.200 

5.08 

H 

.100 

2.54 

J 

.028-.034 

.711-.864 

K 

.029-.045 

.736-1.14 

L 

.100 

2.54 


CASE: EMITTER 



ELECTRICAL CHARACTERISTICS (Unless otherwise specified these specifications apply for -55°C < Tj < +150°C for the UC195, 


-25°C < Tj < +125°C for the UC295, and 0°C < Tj < +125°C for the UC395.) 


PARAMETERS 

SYMBOL 

CONDITIONS 

UC195, UC295 

UNITS 

MIN. 

TYP. 

MAX. 

Collector-Emitter Operating Voltage 

Vce 

Iq < Ic ^ Icmax 



42 

V 

Base to Emitter Breakdown Voltage 

BVbe 

0 < Vce ^ Vce max 

42 



V 

Collector Current 

TO-3 

TO-5 

Ic 

Vce < 15V 

Vce < 7.0V 

1.2 

1.2 

2.2 

1.8 


A 

A 

Saturation Voltage 

Vsat 

lc<1.0A, Ta = 25‘’C 


1.8 

2.0 

V 

Base Current 

lb 

0 ^ Ic — Imax 

0 < Vce ^ Vce max 


3.0 

5.0 

aA 

Quiescent Current 

*q 

Vbe = 0V 

0 < Vce — Vce max 


2.0 

5.0 

mA 

Base-Emitter Voltage 

Vbe 

Ic = l.OA, Ta = 25°C 


0.9 


V 

Switching Time 

ts 

Vce = 36V, Rl = 36Q 

Ta = 25^ 


500 


ns 

Thermal Resistance Junction to Case 

^jc 

TO-3 Package 

TO-5 Package 


2.3 

12 

3.0 

15 

°C/W 

°C/W 
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UC195 

UC295 

UC395 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified these specifications apply for -55°C < Tj < +150°C for the UC195, 


-25°C < Tj < +125°C for the UC295, and 0°C < Tj < +125°C for the UC395.) 


PARAMETERS 

SYMBOL 

CONDITIONS 

UC395 

UNITS 

MIN. 

TYP. 

MAX. 

Collector-Emitter Operating Voltage 

Vce 

Iq — Ic ^ Icmax 



36 

V 

Base to Emitter Breakdown Voltage 

BVbe 

0 < Vce ^ Vce max 

36 

60 


V 

Collector Current 

TO-3 

TO-5 

Ic 

Vce < 15V 

Vce < 7.0V 

1.0 

1.0 

2.2 

1.8 


A 

A 

Saturation Voltage 

Vsat 

lc<1.0A, Ta = 25°C 


1.8 

2.2 

V 

Base Current 

lb 

0 ^ Ic ^ Imax 

0 ^ Vce — Vce max 


3.0 

10.0 

/iA 

Quiescent Current 

•q 

Vbe = 0V 

0 < Vce ^ Vce max 


2.0 

10.0 

mA 

Base-Emitter Voltage 

Vbe 

Ic = l.OA, Ta = 25"C 


0.9 


V 

Switching Time 

ts 

Vce = 36V, Rl = 36n 

Ta = 25°C 


500 


ns 

Thermal Resistance Junction to Case 

6\c 

TO-3 Package 

TO-5 Package 


2.3 

12 

3.0 

15 

°C/W 

°C/W 


TYPICAL PERFORMANCE CHARACTERISTICS 


Collector Characteristics 



5.0 10 15 20 25 30 35 


COLLECTOR-EMITTER VOLTAGE - (V) 


Short Circuit Current 



Bias Current 



0.4 0.8 1.2 1.6 2.0 

COLLECTOR CURRENT - (A) 


Quiescent Current 



COLLECTOR VOLTAGE - (V) 


Base Emitter Voltage 



-55 -35 -15 5.0 25 45 65 85 105 125 

TEMPERATURE - (°C) 


Base Current 



BASE EMITTER VOLTAGE- (V) 
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COLLECTOR CURRENT - (A) SATURATION VOLTAGE - (V) 



lOV Transfer Function 



0.4 0.8 1.2 1.6 

BASE-EMITTER VOLTAGE - (V) 
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RELATIVE TRANSCONDUCTANCE - (dB) 

PHASE LAG -(') COLLECTOR CURRENT- (A) OUTPUT VOLTAGE - (V) 




UC195 

UC295 

UC395 

TYPICAL APPLICATIONS 


C4 

1.0/uF* 




■^PROTECTS AGAINST EXCESSIVE BASE DRIVE 
**NEEDED FOR STABILITY 


Power PNP 















Two Terminal Current Limiter 



Two Terminal 100mA Current Regulator 



Power One-Shot 



-PREVENTS STORAGE WITH FAST FALL 
TIME SQUARE WAVE DRIVE 

Fast Follower 
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LINEAR INTEGRATED CIRCUITS 

Bridge Transducer Switch 


UC1704 

UC3704 


UC1704 COMPATIBLE SENSORS 



FEATURES 

• Dual matched current sources 

• High-gain differential sensing circuit 

• Wide common-mode input capability 

• Complimentary digital open-collector 
outputs 

• Externally programmable time delay 

• Optional output latch with reset 

• Built-in diagnostic activation 

• Wide supply voltage range 

• High current heater power source driver 


DESCRIPTION 

This integrated circuit contains a complete signal conditioning 
system to interface low-level variable impedance transducers to a 
digital system. A pair of matched, temperature-compensated cur- 
rent sources are provided for balanced transducer excitation fol- 
lowed by a precision, high-gain comparator. The output of this 
comparator can be delayed by a user-selectable duration, after 
which a second comparator will switch complimentary outputs 
compatible with all forms of logic. This output section can be 
separately activated for diagnostic operation and has an optional 
latch with external reset capability. An added feature is a high 
current power source useful as a heater driver in differential 
temperature sensing applications. 

The UC1704 is characterized for operation over the full military 
temperature range of -55®C to +125°C while the UC3704 is 
designed for 0®C to +70®C environments. 


BLOCK DIAGRAM 


CURRENT SET COMP 2 THRESHOLD 



CURRENT OUTPUT DELAY COMP 2 RESET REMOTE 

INPUT ACTIVATE 
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UC1704 

UC3704 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Supply Voltage (+Vin) 40V 

Output Current (each output) 50mA 

Buffer Power Source Current 200mA 

Comparator 1 Inputs -0.5V to Vref 

Comparator 2 Inputs 0 to 5.5V 

Remote Activation and Reset Inputs 0 to 5.5V 

Power Dissipation at Ta = 25“C lOOOmW 

Derate at 10mW/®C for Ta > 50®C 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature Range -SS^C to +150®C 

Lead Temperature (Soldering, 10 Seconds) +300^0 


NOTE: Unless otherwise specified, all voltages are with respect to ground (Pin 1). 
Currents are positive into, negative out of the specified terminal. 


DIL-16 (TOP VIEW) 
J or N PACKAGE 


GROUND 

BUFFER SET 

BUFFER 

DRIVE 

+V|N 

Vref 

CUR. SET 1 

CUR. OUT 1 

CUR. SET 2 


[T 

U 

[I 

[T 

U 

[I 

[I 

[E 


m 

n 

m 

m 

m 

IS 

n 


Qout 

Qout 

REM. ACT. 
RESET 

COMP. 2 IN 

COMP. 2 
THRES 

DELAY 

CUR. OUT 2 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1704and0°C 

to +70®C for the UC3704; V,n = 15V) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Power Inputs | 

Supply Voltage Range 

Ta > O^C 

4.2 


36 

V 

Supply Current 

V,N = 36V 


5 

10 

mA 

Reference Section (with respect to Vin) | 

Vref Value |Vin - Vref | 

Tj= 25°C 

2.1 

2.2 

2.3 

V 

Vref Temperature Coefficient 

Note 1 

-1 

-2 

-3 

mV/°C 

Line Regulation 

AVin = 4.2 to 25V 


2 

10 

mV 

Load Regulation 

Alo = 0 to 4mA 


2 

10 

mV 

Short Circuit Current 

V,N = 36V 

Vref = ViN or Ground 



±25 

mA 

Current Sources (Qi and Q 2 ) | 

Output Current (Note 2) 

Current Set = lO/zA 

-9 

-9.5 

-10 

//A 

Current Set = 200/iA 

-180 

-195 

-200 

//A 

Output Offset Current 

Re6 — Res = 20Kn 


0 

±1 

//A 

Comparator One | 

Input Offset Voltage 



±1 

±4 

mV 

Input Bias Current 



-100 

-300 

nA 

Input Offset Current 




±60 

nA 

CMRR 

VcM = 0 to 12V 

60 

70 


dB 

Voltage Gain 

Rl > 150KQ 

70 

85 


dB 

Delay Current Source 


34 

40 

52 

/iA 

Output Rise Time 

Overdrive = lOmV, 

Cd = 15pF, Tj = 25‘’C 


2 


y/fjs 
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UC1704 

UC3704 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to + 125®C for the UC1704 and 0®C 

to +70°C for the UC3704; V.n = 15V) 


PARAMETER 

TEST CONDITIONS | MIN. 

TYP. 

MAX. 

UNITS 

Comparator Two (Qour and Qout) | 

Threshold Voltage 


2.2 

3.0 

3.8 

V 

Threshold Resistance 

To Ground 

14 

20 

24 

KQ 

Input Bias Current 

V,N (Pin 12) = 5V 


1 

3 

/iA 

Remote Activate Current 

Pin 14 = OV 


0.2 

0.5 

mA 

Reset Current 

Pin 13 = OV 


0.2 

0.5 

mA 

Remote Activate Threshold 

Ta = 25°C 

0.8 

1.2 


V 

Reset Threshold 

Ta = 25^C 

0.8 

1.2 


V 

Output Saturation 

louT ~ 16mA 


0.2 

0.5 

V 

louT = 50mA 


0.7 

2.0 

V 

Output Leakage 

VouT = 40V 


0.2 

10 

/iA 

Output Response 

Comp. Overdrive = IV 
RL = 5Kto V,N 

Turn-on 


0.4 


/iS 

Turn-off 


1.0 


Buffer 1 

Set Voltage (Vm - Vs) 

Tj = 25‘’C, Is = 100mA 

1.9 

2.1 

2.3 

V 

Drive Current 

Tj =. 25‘’C, Rs = 200Q, Vo = OV 

90 

100 

120 

mA 


Note: 1. Parameter guaranteed by design, not tested in production. 


2. Collector output current = V,n-Vref-Vbe « 

Re Re 


APPLICATIONS INFORMATION 


Sensor Section 

The input portion of the UC1704 provides both excitation and 
sensing for a low-level, variable impedance transducer. This 
circuitry consists of a pair of highly matched PNP transistors 
biased for operation as constant current sources followed by a 
high gain precision comparator. 

The reference voltage at the bases of the PNP transistors has a TC 
to offset the base-emitter voltage variation of these transistors 
resulting in a constant voltage across the external emitter 
resistors and correspondingly constant collector currents. With 
the emitter resistors external, the user has the option of tailoring 
the collector currents for balancing, offsetting, or to provide a 
unique temperature characteristic. 

With the PNP transistors' optimum current ranging from 10 to 
200//A, and the common-mode input voltage of the comparator 
usable from ground to (Vin - 3V), a wide range of transducer 
impedance levels is possible. 


The sensor comparator has a current source pull-up atthe output 
so that an external capacitorfrom this pointto ground can be used 
to provide a programmable delay before reaching the second 
comparator's threshold. The low-impedance on-state of Comp I’s 
output provides quick reset of this capacitor. This programmable 
delay function is useful for providing transient protection by 
requiring that Comp 1 remain activated for a finite period of time 
before Comp 2 triggers. Another application is in counting 
repetitive pulses where a missing pulse will allow Comp I’s output 
to rise to Comp 2’s threshold. This time delay function is: 

Delay = Comp 2 Threshold ^ Cd « 175 ms/^F 
Delay Current 

If hysteresis is desired for Comparator 1, it may be 
accommodated by applying positive feedback from the delay 
terminal to the- non-inverting input on Pin 7. This will aid in 
providing oscillation-free transitions for very slowly changing 
inputs. 
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Output Section 

The output portion of the UC1704 is basically a second 
comparator with complimentary, open-collector outputs. This 
comparator has a built-in, ground-referenced threshold 
implemented with a high-impedance current source and resistor 
so that it may be easily overridden with an external voltage source 
if desired. Comp 2’s input transistorsare NPN types which require 
at least IV of common-mode voltage for accurate operation and 
should not see a differential input voltage greater than 6V. 

For diagnostic or latching purposes, the output logic is equipped 
with a Remote Activate and Reset function. These pins have 
internal pull-ups and are only active when pulled low below a 
threshold of approximately IV. A low signal at the Remote Activate 
Pin causes the outputs to change state in exactly the same 
manner as if Comp 2’s input is raised above the threshold on Pin 
11. If Pin 16 is connected to Pin 14, positive feedback results and 
the outputs will latch once triggered by Comp 2's input. Pulling the 


Reset terminal low overrides the Remote Activate Pin releasing 
the latch. 

Reference Buffer 

This circuit is designed to provide up to 100mA to drive a high- 
current external PNP transistor useful for powering a heater for 
differential temperature measurements. Care must be taken that 
power dissipation in Qe does not cause excessive thermal 
gradients which will degradetheaccuracy of the sensing circuitry. 

Using a heating element attached to a temperature sensitive 
resistor, RSI, in one leg of the input bridge implements a flow 
sensor for either gasses or liquids. As long as there is flow, heat 
from the element is carried away and the sensor voltage remains 
below threshold. Using an identical sensor, RS2, without a heater 
to establish this threshold compensates for the ambient tempera- 
ture of the flow. 


Typical Application For Monitoring Liquid or Gas Flow 
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LINEAR INTEGRATED CIRCUITS 

High Speed Power Driver 


UC1705 

UC3705 


FEATURES 

• 1.5A Source/Sink Drive 

• 100 nsec Delay 

• 40 nsec Rise and Fall into lOOOpF 

• Inverting and Non-Inverting Inputs 

• Low Cross-Conduction Current Spike 

• Low Quiescent Current 

• 5V to 40V Operation 

• Thermal Shutdown Protection 

• MINIDIP and Power Packages 


DESCRIPTION 

The LIC1705 family of power drivers is made with a high speed Schottky process to 
interface between low-level control functions and high-power switching devices — 
particularly power MOSFETs. These devices are also an optimum choice for capacitive 
line drivers where up to 1.5 amps may be switched in either direction. With both 
Inverting and Non-Inverting inputs available, logic signals of either polarity may be 
accepted, or one input can be used to gate or strobe the other. 

Supply voltages for both Vs and Vc can independently range from 4.5V to 40V. In the 
MINIDIP package. Vs can also be used to gate the output as when Vs is less than 4V, the 
output is held in the high impedence state and no current is drawn from Vc- 

For additional application details, see the UC1707/3707 data sheet. 

The UC1705 is packaged in an 8-pin hermetically sealed CERDIP for -55°C to +125®C 
operation. The UC3705 is specified for a temperature range of 0°C to +70°C and is 
available in either a plastic minidip or a 5-pin, power TO-220 package. 


TRUTH TABLE 


CONNECTION DIAGRAMS 
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ABSOLUTE MAXIMUM RATINGS 


N-Pkg 


J-Pkg 


Supply Voltage, Vin 40V 

Collector Supply Voltage, Vc 40V 

Output Current (Source or Sink) 

Steady-State ±500mA ... 

Peak Transient ±1.5A 

Capacitive Discharge Energy 20//J 

Digital Inputs (see note) 5.5V 

Power Dissipation atlA = 25°C IW 

Derate above 50'’C 10mW/°C . . 

Power Dissipation atT (Leads/Case) = 25®C 3W 

Derate for Ground Lead Temperature above 25®C 25mW/®C . . 

Derate for Case Temperature above 25°C — 

Operating Temperature Range -55®C to +125®C 

Storage Temperature Range -65®C to +150®C 

Load Temperature (Soldering, 10 seconds) 300®C 


NOTE: All currents are positive into, negative out of the specified terminal. 
Digital Drive can exceed 5.5V if input current is limited to 10mA. 


.. 40V .. 
.. 40V .. 

±500mA 
..±1.0A . 
.. 15/yJ . 
.. 5.5V . 
.. IW 
lOmW/^’C 
.. 2W,.. 


.. 16mW/°C ... 
-55“Cto+125°C 
-65"Cto +150‘’C 
300°C 


T-Pkg 

.. 40V 
.. 40V 

. ±1.0A 
. ±2.0A 
.. 50/iJ 
.. 5.5V 
.. 3W 
25mW/‘’C 
.. 25W 


.. 200mW/°C 
-55'’Cto+125‘’C 
-65“C to +150‘»C 
SOO'C 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1705 and 
0°C to +70°C for the UC3705; Vs = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Vs Supply Current 

Vs = 40V 


6 

8 

mA 

Vc Supply Current 

Vc = 40V, Outputs Low 


2 

4 

mA 

Vc Leakage Current 

Vs = 0, Vc = 30V 


.05 

0.1 

mA 

Digital Input Low Level 




0.8 

V 

Digital Input High Level 


2.2 



V 

Input Current 

Vi =0 


-0.6 

-1.0 

mA 

Input Leakage 

Vi = 5V 


.05 

0.1 

mA 

Output High Sat., Vc-Vo 

lo = -50mA 



2.0 

V 

Output High Sat., Vc-Vo 

lo = -500mA 



2.5 

V 

Output Low Sat., Vo 

lo = 50mA 



0.4 

V 

Output Low Sat., Vo 

lo = 500mA 



2.5 

V 

Thermal Shutdown 



155 


°C 


TYPICAL SWITCHING CHARACTERISTICS (Vs = Vc = 20V, Ta = 25“C. Delays measured to 10% output change.) 


PARAMETER 

TEST CONDITIONS 

OUTPUT Cl 

= 

UNITS 

From Inv. Input to Output: 


open 

1.0 

2.2 

nF 

Rise Time Delay 


60 

60 

60 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


60 

60 

60 

ns 

90% to 10% Fall 


25 

40 

50 

ns. 

From N.l. Input to Output: 






Rise Time Delay 


90 

90 

90 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


60 

60 

60 

ns 

90% to 10% Fall 


25 

40 * 

50 

ns 

Vc Cross-Conduction 

Output Rise 

25 



ns 

Current Spike Duration 

Output Fall 

0 

1 


ns 
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LINEAR INTEGRATED CIRCUITS 

Dual Output Driver 


UC1706 

UC37G6 


FEATURES 

• Dual, 1.5A Totem Pole Outputs 

• 40nsec Rise and Fall into lOOOpF 

• Parallel or Push-Pull Operation 

• Single-Ended to Push-Pull Conversion 

• High-Speed, Power MOSFET Compatible 

• Low Cross-Conduction Current Spike 

• Analog, Latched Shutdown 

• Internal Deadband Inhibit Circuit 

• Low Quiescent Current 

• 5 to 40V Operation 

• Thermal Shutdown Protection 


DESCRIPTION 

The LIC1706 family of output drivers are made with a high-speed Schottky process to 
interface between low-level control functions and high-power switching devices - 
particularly power MOSFET's. These devices implement three generalized functions as 
outlined below: 

First: They accept a single-ended, low-current digital input of either polarity and process 
it to activate a pair of high-current, totem pole outputs which can source or sink up to 
1.5A each. 

Second: They provide an optional single-ended to push-pull conversion through the use 
of an internal flip-flop driven by double-pulse-suppression logic. With the flip-flop 
disabled, the outputs work in parallel for 3.0A capability. 

Third: Protection functions are also included for pulse-by-pulse current limiting, 
automatic deadband control, and thermal shutdown. 


• 16-Pin Dual-ln-Line Package These devices are available In a two-watt plastic “bat-wing^” DIP for operation over a 0® 

to +70°C temperature range and, with reduced power, in a hermetically sealed cerdip 
for -55®C to +125®C operation. 


TRUTH TABLE 


INV. 

N.l. 

OUT 

H 

H 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 


OUT = iNVand N.l. 
QDT= INVorTTT. 


BLOCK DIAGRAM 


FLIP FLOP 
ACTIVATE 


INVERTING 

INPUT 


NON-INVERT 
INPUT 


ANALOG 
STOP (- 


ANALOG 
STOP (-H) 
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CONNECTION DIAGRAM ABSOLUTE MAXIMUM RATINGS 


N-Pkg J-Pkg 


DIL-16 (TOP VIEW) 

J or N PACKAGE 


B INHIBIT |T 


Te] A INHIBIT 

INV. INPUT [T 


P INHIBIT REF. 

N.l. INPUT [T 


H] Vin 

GROUND [T 


13] GROUND 

GROUND [T 


12] GROUND 

A OUTPUT [T 


n] B OUTPUT 

FLIP/FLOP [T 


STOP (+) 

Vc [T 


9] STOP (-) 

Note: All four ground pins must be 

connected to a common ground. 


Supply Voltage, Vin 40V. 

Collector Supply Voltage, Vc 40V. 

Output Current (Each Output, Source or Sink) 

Steady-State ±500mA . 

Peak Transient ±1.5A. 

Capacitive Discharge Energy 20/iJ. 

Digital Inputs 5.5V. 

Inhibit Inputs 5.5V. 

Stop Inputs Vin. 

Power Dissipation at Ta = 25®C 2W. 

Derate above 50®C 

Power Dissipation at T (Leads/Case) = 25®C 

Derate for Ground Lead Temperature above 25®C 
Derate for Case Temperature above 25®C 


.40V 

.40V 


±500mA 
...±1.0A 
.... 15//J 
.... 5.5V 
.... 5.5V 

Vin 

IW 


..20mW/°C lOmW/X 

5W 2W 

..40mW/°C - 

- lemW/'C 


Operating Temperature Range “55®C to +125®C . . 

Storage Temperature Range -65®C to +150®C . . 

Load Temperature (Soldering, 10 Seconds) 300°C 

Note: All voltages are with respect to the four ground pins which must be connected together. 
All currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55® to +125°Cforthe UC1706 and 0®Cto 
+70°C for the UC3706; Vin = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

ViN Supply Current 

Vin = 40V 


8 

10 

mA 

Vc Supply Current 

Vc = 40V, Outputs Low 


4 

5 

mA 

Vc Leakage Current 

Vin = 0, Vc = 30V 


.05 

0.1 

mA 

Digital Input Low Level 




0.8 

V 

Digital Input High Level 


2.2 



V 

Input Current 

Vi = 0 


-0.6 

-1.0 

mA 

Input Leakage 

Vi = 5V 


.05 

0.1 

mA 

Output High Sat., Vc-Vo 

lo = -50mA 



2.0 

V 

Output High Sat., Vc-Vo 

lo = -500mA 



2.5 

V 

Output Low Sat, Vo 

lo = 50mA 



0.4 

V 

Output Low Sat, Vo 

lo = 500mA 



2.5 

V 

Inhibit Threshold 

Vref = 0.5V 

0.4 


0.6 

V 

Inhibit Threshold 

Vref = 3.5V 

3.3 


3.7 

V 

Inhibit Input Current 

Vref = 0 


-10 

-20 


Analog Threshold 

VcM = 0 to 15V 

100 

130 

150 

mV 

Input Bias Current 

VcM = 0 


-10 

-20 


Thermal Shutdown 



155 


®C 
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TYPICAL SWITCHING CHARACTERISTICS (Vin = Vc = 2QV, Ta = 25^C. Delays measured 50% in to 50% out.) 


PARAMETER 

TEST CONDITIONS 

OUTPUT Cl= 

UNITS 

From Inv. Input to Output; 


open 

1.0 

2.2 

nF 

Rise Time Delay 


no 

130 

140 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


80 

90 

no 

ns 

90% to 10% Fall 


25 

30 

50 

ns 

From N.l. Input to Output: 






Rise Time Delay 


120 

130 

140 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


100 

120 

130 

ns 

90% to 10% Fall 


25 

30 

50 

ns 

Vc Cross-Conduction 

Output Rise 

25 



ns 

Current Spike Duration 

Output Fall 

0 



ns 

Inhibit Delay 

Inhibit Ref. = IV 

Inhibit = 0.5 to 1.5V 

250 



ns 

Analog Shutdown Delay 

Stop (+) Ref. = 0 

Stop (-) Input = 0 to 0.5V 

180 



ns 


CIRCUIT DESCRIPTION 
Outputs 

The totem-pole outputs have been designed to minimize cross- 
conduction current spikes while maximizing fast, high-current 
rise and fall times. Current limiting can be done externally either 
at the outputs or at the common Vc pin. The output diodes 
included have slow recovery and should be shunted with high- 
speed external diodes when driving high-frequency inductive 
loads. 

Flip/Flop 

Grounding pin 7 activates the internal flip-flop toalternate the two 
outputs. With pin 7 open, the two outputs operate simultaneously 
and can be paralleled for higher current operation. Since the 
flip-flop is triggered by the digital input, an off-time of at least 
200nsec must be provided to allow the flip/flop to change states. 
Note that the circuit logic is configured such that the "OFF" state is 
defined as the outputs low. 

Digital Inputs 

With both an inverting and non-inverting input available, either 
active-high or active-low signals may be accepted. These are true 
TTL compatible inputs — thethreshold is approximately 1.2V with 
no hysteresis; and external pull-up resistors are not required. 

Inhibit Circuit 

Although it may have other uses, this circuit is included to elimi- 
nate the need for deadband control when driving relatively slow 
bipolar power transistors. A diode from each inhibit input to the 
opposite power switch col lector wi 1 1 keep one output from turning- 


on until the other has turned-off. The threshold is determined 
by the voltage on pin 15 which can be set from 0.5 to 3.5V. When 
this circuit is not used, ground pin 15 and leave 1 and 16 open. 

Analog Shutdown 

This circuit is included to get a latched shutdown as close to the 
outputs as possible, from a time standpoint. With an internal 
130mV threshold, this comparator has a common-mode range 
from ground to (Vin - 3V). When not used, both inputs should be 
grounded. The time required for this circuit to latch is inversely 
proportional to the amount of overdrive but reaches a minimum of 
ISOnsec. As with the flip-flop, an input off-time of at least 200nsec 
is required to reset the latch between pulses. 

Supply Voltage 

With an internal 5V regulator, this circuit is optimized for use with 
a 7 to 40V supply; however, with some slight response time degra- 
dation, it can also be driven from 5V.When Vin is low, the entire 
circuit is disabled and no current is drawn from Vc. When com- 
bined with a UC1840 PWM, the Driver Bias switch can be used to 
supply Vin to the UC1706. Vin switching should be fast as if Vc is 
high, undefined operation of the outputs may occur with Vin less 
than 5V. 

Thermal Considerations 

Should the chip temperature reach approximately 155°C, a paral- 
lel, non-inverting input is activated driving both outputs to the low 
state. 
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LINEAR INTEGRATED CIRCUITS 

Dual Channel Power Driver 


FEATURES 

• Two Independent Drivers 

• 1.5A Totem Pole Outputs 

• Inverting and Non-Inverting Inputs 

• 40ns Rise and Fall into lOOOpF 

• High-Speed, Power MOSFET Compatible 

• Low Cross-Conduction Current Spike 

• Analog Shutdown with Optional Latch 

• Low Quiescent Current 

• 5V to 40V Operation 

• Thermal Shutdown Protection 

• 16-Pin Dual-ln-Line Package 


DESCRIPTION 

The LIC1707 family of power drivers is made with a high-speed Schottky process to 
interface between low-level control functions and high-power switching devices — 
particularly power MOSFETs. These devices contain two independent channels, each of 
which can be activated by either a high or low input logic level signal. Each output can 
source or sink up to 1.5A as long as power dissipation limits are not exceeded. 

Although each output can be activated independently with its own inputs, it can be 
forced low in common through the action either of a digital high signal at the Shutdown 
terminal or a differential low-level analog signal. The Shutdown command from either 
source can either be latching or not, depending on the status of the Latch Disable pin. 

Supply voltage for both Vm and Vc can independently range from 4.5V to 40V. Vin can 
also be used to gate the outputs as when Vin is less than 4V, both outputs are held in 
the high impedance state and no current is drawn from Vc. 

These devices are available In a two-watt plastic "bat-wing” DIP for operation over a 
0®C to +70°C temperature range and, with reduced power, in a hermetically sealed 
cerdip for -55°C to +125°C operation. 


BLOCK DIAGRAM 


INPUT A 
N.l. 


INPUT A 
INVERT 


INPUT B 
N.l. 


INPUTS 

INVERT 


+V|N 


ANALOG 
STOP (-) 


ANALOG 

STOP(-I-) 


SHUTDOWN 


LATCH 

DISABLE 



4 , 5 , 12 , 13 
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ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


UC1707 

UC3707 


N-Pkg 


J-Pkg 


Supply Voltage, ViN 40V 40V 

Collector Supply Voltage, Vc 40V 40V 

Output Current (Each Output, Source or Sink) 

Steady-State ±500mA ±500mA 

Peak Transient ±1.5A ±1.0A 

Capacitive Discharge Energy 20/LfJ 15//J 

Digital Inputs (see note) 5.5V 5.5V 

Analog Stop Inputs Vin Vin 

Power Dissipation at Ta = 25®C 2W IW 

Derate above SO^C 20mW/‘’C lOmW/^C . . . 

Power Dissipation at T <Leads/Case) = 25®C 5W 2W 

Derate for Ground Lead Temperature above 25®C . . 40mW/®C — 

Derate for Case Temperature above 25®C — 16mW/®C . . . 

Operating Temperature Range -55®C to +125°C 

Storage Temperature Range -65®C to +150®C 

Load Temperature (Soldering, 10 seconds) 300®C 

NOTE: All voltages are with respect to the four ground pins which must be conected together. 

All currents are positive into, negative out of the specified terminal. 

Digital Drive can exceed 5.5V if input current is limited to 10mA. 


DIL-16 (TOP VIEW) 

J OR N PACKAGE 


INPUT B INV. {T 


16] INPUT A INV. 

INPUT B N.l. [Y 


15] INPUT A N.l. 

LATCH 
DISABLE LI 


H] +V,N 

GROUND \T 


H] GROUND 

GROUND [5 


12] GROUND 

OUTPUT A [Y 


n] OUTPUT B 

SHUTDOWN |T 


ANALOG 

STOP (-) 

+Vc[T 


-Q-| ANALOG 

STOP (+) 

NOTE: All four ground pins must be 
connected to a common ground. 


TRUTH TABLE (Each Channel) 


INV. 

N.l. 

OUT 

H 

H 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 


OUT = INV. and N.l. 
OUT = INV. or nT. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125®C for the UC1707 and 


0°C to +70°C for the UC3707; Vjn = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Vin Supply Current 

Vin = 40V 


10 

12 

mA 

Vc Supply Current 

Vc = 40V, Outputs Low 


4 

5 

mA 

Vc Leakage Current 

Vin = 0, Vc = 30V 


.05 

0.1 

mA 

Digital Input Low Level 




0.8 

V 

Digital Input High Level 


2.2 



V 

Input Current 

Vi =0 


-0.6 

-1.0 

mA 

Input Leakage 

Vi = 5V 


.05 

0.1 

mA 

Output High Sat., Vc-Vo 

lo = -50mA 



2.0 

V 

Output High Sat., Vc-Vo 

lo = -500mA 



2.5 

V 

Output Low Sat., Vo 

lo = 50mA 



0.4 

V 

Output Low Sat., Vo 

lo = 500mA 



2.5 

V 

Analog Threshold 

VcM = OV to 15V 

100 

130 

150 

mV 

Input Bias Current 

VcM = 0 


-10 

-20 

AfA 

Thermal Shutdown 



155 


“C 

Shutdown Threshold 

Pin 7 Input 

0.4 

1.0 

2.2 

V 

Latch Disable Threshold 

Pin 3 Input 

0.8 

1.2 

2.2 

V 
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UC1707 

UC3707 


TYPICAL SWITCHING CHARACTERISTICS (Vin = Vc = 20V, Ta = 25°C. Delays measured to 1Q% output change.) 


PARAMETER 

TEST CONDITIONS 

OUTPUT Cl 

= 

UNITS 

From Inv. Input to Output: 


open 

1.0 

2.2 

nF 

Rise Time Delay 


60 

60 

60 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


60 

60 

60 

ns 

90% to 10% Fall 


25 

40 

50 

ns 

From N.l. Input to Output: 






Rise Time Delay 


90 

90 

90 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


60 

60 

60 

ns 

90% to 10% Fall 


25 

40 

50 

ns 

Vc Cross-Conduction 

Output Rise 

25 



ns 

Current Spike Duration 

Output Fall 

0 



ns 

Analog Shutdown Delay 

Stop (+) Ref. = 0 

Stop (-) Input = OV to 0.5V 

160 



ns 

Digital Shutdown Delay 

2V Input on Pin 7 

50 



ns 


SIMPLIFIED INTERNAL CIRCUITRY 


Typical Digital Input Gate 


The inputzenermay be used to clamp input signal voltages higher 
than 5V as long as the zener current is limited to 10mA max. 
External pull-up resistors are not required. 


INTERNAL 5 VOLTS 



Analog Shutdown Comparator Circuit 


+V,N 



The input common-mode voltage range is from ground to 
(Vin“3V). When not used both inputs should be grounded. Acti- 
vate time is a function of overdrive with a minimum value of 
160ns. Pin 7 serves both as a comparator output and as a com- 


mon digital shutdown input. A high signal here will accomplish 
the fastest turn off of both outputs. Note that "OFF” is defined as 
the outputs low. 
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UC1707 

UC3707 


SIMPLIFIED INTERNAL CIRCUITRY (continued) 


Latch Disable 

INT5V 



> 30K 

TO SHUTDOWN 


latch rjT — K 

DISABLE LU vv>r-^ i 

^ LATCH 

The Shutdown latch is disabled when pin 3 is open. An impedance 
of 4Kn or less from pin 3 to ground will allow a shutdown signal to 



4 


set the latch which can then be reset by either recycling the Vin 

supply or by momentarily (>200ns) raising pin 3 high. 




APPLICATIONS 


Conventional Dual-Output Drive 



Driving the inverting inputs from open-collector, dual-output 
PWM Controllers. If unneeded for programming functions, the 
non-inverting inputs can be left open. Note that the high peak 
current drive for MOS gates requires good supply decoupling at 


Vc. ViN and Vc need not be at the same levels. The 20K resistors 
hold the FETs off during startup when the UC1707 output impe- 
dance is high. 


Current Limiting 




The Analog shutdown can give pulse-by-pulse current limiting 
with a reset pulse from the clock output of the UC1524. RiCi is 
used to filter leading edge spikes. 
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UC1707 

UC3707 


APPLICATIONS (continued) 


Over-Voltage Protection 



With an external reference, the shutdown comparator can be used 
for over-voltage protection. Ri and R 2 setthe shutdown level while 
R 3 adds positive feedback for hysteresis. 


Voltage Multipliers 




When driven with a TTL square wave drive, the low output impe- 
dance of the UC1707 allows ready implementation of charge 
pump voltage converters. 


OUTPUT STAGE COUPLING 


Power MOSFET 


Bipolar Power Transistor 




Simple direct drive to gate requires close coupling: 

Ri adds damping at the expense of gate rise time. 

R2 insures against turn on with leakage currents. 

Di is necessary if ringing would drive output pin negative. 


Fast turn-off bipolar switch drive: 

Charge on Ci will drive base negative at turn-off. 
For large Vc, clamping to prevent E-B breakdown 
may be necessary. 

VoL at low current will keep bipolar switch off. 
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UC1707 

UC3707 


TRANSFORMER COUPLING 




Vc 



X 


Single-ended transformer drive: 

Ci blocks DC. 

Zi clamps gate voltage, both positive and negative. 


Balanced Transformer Drive: 

With no net DC in primary, capacitors are unnecessary. 
Clamp diodes necessary if leakage inductance drives 
outputs negative. 

May require secondary snubbing circuitry. 
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LINEAR INTEGRATED CIRCUITS 

Dual Smart Switch 


UC1728 

UC3728 


FEATURES 

• Independent Floating Switches 

• PWM Current Control 

• Supply Voltages to 46V 

• Load Currents to 1 A 

• Transparent Input Latches 

• Programmable Current Level 

• Three-State Status Outputs 

• Over-Current Latch 

• Under-Voltage Lockout 

• Thermal Shutdown 


ABSOLUTE MAXIMUM RATINGS 

Vdd Voltage i .7V 

Vcc Voltage i 60V 

Switch Input Voltage Vcc +0.3V 

Logic Input Voltage Vdd +0.3V 

Switch Current, Per Channel 1 .5A 

Operating Temperature, 

UC1728 ; : . , ~55°C to + 125°C 

UC3728 0“C to +70°C 

Storage Temperature — 65°C to + 150°C 

Power Dissipation at iT^^^^^^ 70°Cr: 1W 


BLOCK DIAGRAM 


DESCRIPTION 

This IC performs load control and status monitoring for two inductive loads up to 1 
amp each. Loads can be ground referenced, positive supply referenced, or floating, 
depending on the control and monitoring desired. Load current regulation is provided 
by fixed off-time pulse-width modulation, so that efficient use of low-voltage inductive 
loads from higher supplies is practical. Digital status outputs indicate load off, load on, 
and overload conditions. Latching over-current detection circuitry protects the system 
from shorts to ground and shorted loads. These parts are available in ceramic or 
plastic dual-inline packages and heremetic surface-mount chip carriers. 


CONNECTION DIAGRAMS 


28 PIN-DIL(TOP VIEW) 



N or J PACKAGE 



VccC 1 

y — 

28 

□ RESrf 

SWITCH OUT 1C 2 

27 

□ SWITCH OUT 2 

SWITCH IN 1 C 3 

26 

□ SWITCH IN 2 

OVERCURRENT SENSE 1C 4 

25 

□ OVERCURRENT SENSE 2 

RC 1C 5 

24 

□ RC 2 

CURRENT SENSE 1C 6 

23 

□ CURRENT SENSE 2 

AGNDIC 7 

22 

□ AGND2 

FULL 1C 8 

21 

□ full 2 

ON-IN 1C 9 

20 

□ ON-IN 2 

STROBE C 10 

19 

□ OUTPUT ENABLE 

VddC 11 

18 

□ OGND 

OVERCURRENT IC 12 

17 

□ OVERCURRENT 2 

OFFlC 13 

16 

□ OFFl 

ON 1C 14 

15 

□ ON 2 



0010-1 



. I 1 SWITCH 

' I I IN 2 

I I 1 SWITCH 

I I OUT 2 

* 1 I OVERCURI 

I 

j-□0N2 

I— noFFi 



UNITRODE 






UC1728 

UC3728 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications appiy over -55°C < Ta < + 125“C for the UC1728 

and 0°C < Ta < +70°Cforthe UC3728. Uniess otherwise stated, Vdd = +5V, Vcc = +32V.) 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Vdd Enable Threshold 


3.5 

4 

4.5 

V 

Vdd Operating Range 


4.5 


5.5 

V 

Vdd Current 

Vdd = 5.5V 


12 

30 

mA 

Vcc Current 

Vcc = 46V 


1.5 

6 

mA 

Logic Input Current 

V|N = OV 

-50 

-5 


fxA 

Current Sense Input Current 

Vcs = OV 

-15 

-3 


jllA 

Overcurrent Sense Input Current 

VqCS = Vcc 

-10 

-1 


jllA 

Logic Input Threshold 

4.5 < Vdd < 5.5 

0.8 

1.4 

2 

V 

Fault Threshold 

Overcurrent Sense Input 

13 < Vcc < 46 

Measured to Vcc 

-0.4 

-0.36 

-0.32 

V 

PWM Threshold 

Current Sense Input 

FULL = 1 

0.92 

1 

1.08 

V 

FULL = 0 

0.45 

0.5 

0.55 

V 

ON Threshold 

Current Sense Input 

FULL = 1 

780 

850 

890 

mV 

FULL = 0 

390 

425 

450 

mV 

OFF Threshold 

Current Sense Input 

FULL = 1 

10 

20 

30 

mV 

FULL = 0 

5 

10 

15 

mV 

Switch Drop 

1 = 200 mA 


0.95 

1.4 

V 

1 = 1A 


1.05 

1.8 

V 

Switch Leakage 

S| = 32V, So = OV 



200 

jxA 

Logic Output Low 

■logic = 4 mA 


0.2 

0.45 

V 

Logic Output High 

■logic = -4 mA 

2.4 

3.3 


V 

Logic Output Leakage 

0 < VlogIC < 5V 

-10 


10 

jllA 

OFF Time 

Rj = 36k, Cj = 1 nF 

15 

25 

35 

fXS 

Current Sense Delay 



4 


jXS 

Overcurrent Sense Delay 



1 


IXS 


APPLICATION INFORMATION 

In the adjoining figure, one half of the UC1728 is 
shown in a typical application driving a solenoid. 
The solenoid current is set by current sense re- 
sistor Rs, and programmed by the FULL input 
as per the following: 

FULL = 1 IpEAK = 1V/Rs 

FULL = 0 IpEAK = O.SV/Rs 

The solenoid current will charge up to the pro- 
grammed peak current at a rate approximately 
equal to: 

dl/dt = Vcc/L, where L is the load induc- 
tance 

and coast down at a slower rate for a fixed off- 
time of about: 

Toff = 0-69 Rt Cj 

The slower rate is determined by the series volt- 
age drop in the current sense resistor, the drop 
in the load resistance, and the Catch Diode volt- 
age working with the load inductance. Typical 
designs target the PWM frequency over 20 kHz 
to avoid audible noise. If the duty cycle is less 
than 50%, the PWM frequency will be controlled 
by the off time, and an appropriate off time will 
be around 20 jms. 

The overcurrent threshold is set by the fault re- 
sistor, Rp. The fault latch will trip when the cur- 
rent in that resistor reaches: 

■fault = 0.36V/Rf 

The catch diode should be returned to ground 
rather than Rs so that load current always flows 
through Rs, making the status information con- 
tinuously valid through the PWM cycle. Return- 
ing the catch diode to ground also produces a 
more smooth voltage waveform on Rs, which 
lessens the potential of false triggering the 
PWM. 
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LINEAR INTEGRATED CIRCUITS 

Half-Bridge Bipolar Switch 


UC2950 


FEATURES 

• Source or Sink 4.0A 

• Supply Voltage to 35V 

• High-Current Output Diodes 

• Tri-State Operation 

• TTL and CMOS Input Compatibility 

• Thermal Shutdown Protection 

• 300kHz Operation 

• Low-Cost TO-220 Package 


DESCRIPTION 

This device is a monolithic integrated circuit designed to provide high-current switching 
with low saturation voltages when activated by low-level logic signals. Source and sink 
switches may be independently activated without regard to timing as a built-in interlock 
will keep the sink off if the source is on. 

This driver has the high-current capability to drive large capacitive loads with fast rise 
and fall times; but with high-speed internal flyback diodes, it is also ideal for inductive 
loads. Two UC2950S can be used together to form a full bridge, bipolar motor driver 
compatible with high frequency chopper current control. . 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Range, Vc 8V to 35V 

Output Voltage Range, Vo -3.0V to Vc+3V 

Input Voltage Range, Vin -0.3V to -r7.0V 

Peak Output Current (100ms, 10% DC) ±4.0A 

Continuous Output Current ±2.0A 

Power Dissipation with Heat Sink 15W 

Derate for tab Tc > 75°C 0.2W/°C. 

Power Dissipation in Free Air 2W 

Derate for Ta > 75°C 30mW/°C 

Operating Temperature Range, Ta -20°C to -»-100°C 

Storage Temperature Range, Ts -55°C to -•-125°C 


TRUTH TABLE 


Source Drive 

Pin 2 

Sink Drive 

Pin 5 

Output 
Pin 4 

Low 

Low 

Low 

Low 

High 

OFF 

High 

Low 

High 

High 

High 

High 


Note: With no load, output voltage will be HIGH in the OFF state. 


CONNECTION DIAGRAM 


o 


5 

4 

3 

2 

1 


SINK DRIVE 
15 OUTPUT 
GROUND 
SOURCE DRIVE 
5 SUPPLY Vc 


5-PIN TO-220 (TOP VIEW) 
T PACKAGE 


SIMPLIFIED SCHEMATIC 


SOURCE 

INPUT 


SINK 

INPUT 
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UC2950 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, Vc = 35V, Ta = -20°C to +100°C, Vil = 0.8V, Vm = 2.4V for either input.) 


PARAMETERS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Output Leakage to Vc 

Output Off 


20 

500 

aA 

Output Leakage to Ground 

Output Off 


-200 

-500 

aA 

Output Sink Saturation 

VoL, II = 2.0A 


1.2 

2.0 

V 

Output Source Saturation 

( Vc - Vol ), II = - 2 . 0 A 


1.2 

2.0 

V 

Sink Diode Forward Voltage 

Id = -2.0A 


1.4 

2.0 

V 

Source Diode Forward Voltage 

Id = 2.0A 


1.4 

2.0 

V 

Input Current 

Either Input, V| = 5V 


20 

100 

aA 

Input Current 

Either Input, V| = OV 


- 1.0 ' 

- 1.6 

mA 

Supply Current 

Output High 


20 

,30 

mA 

Supply Current 

Output Low 


10 

20 

mA 


SWITCHING CHARACTERISTICS (See Test Circuit. Vc = 12V, Rl = 50, Ta = 25X. Guaranteed by design, 


not 100% tested in production.) 


PARAMETERS 

MIN. 

TYP. 

MAX. 

UNITS 

Source Turn-On Delay, tdi 


300 

500 

ns 

Source Turn-Off Delay, td 2 


1.0 

2.0 

AS 

Sink Turn-On Delay, tds 


200 

400 

ns 

Sink Turn-Off Delay, td 4 


100 

300 

ns 

Cross-Conduction Current Spike When Source 
and Sink are Activated Together 


0.6 

1.0 

AS 


SWITCHING TEST CIRCUIT 
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UC2950 


V|H_. 

SOURCE 

DRIVE 


ViL 



ViH 


SOURCE 

DRIVE 


VlL 


ViH 


SINK 

DRIVE 

Vn 



I 

I 

I 

I 

I 

I 

I 

I 


OUTPUT WITH I 

Rl to Vc I 

Vrat ! 

I 

I 

I 

I 


I I 

~^l td3 

^td4h*- 


MECHANICAL SPECIFICATIONS 


T- Package 



INCHES 

MILLIMETERS 

A 

0.395-0.420 

10.03-10.67 

B 

0.151±0.002 DIA. 

3.835±0.051 DIA. 

C 

0.540±0.015 

13.716±0.381 

“d^ 

0.035±0.005 TYP. 

0.889±0,127 TYP. 

F 

0.067±0.005 TYP. 

1.702±0.127 TYP. 

G 

1.020±0.015 

25.91±0.381 

H 

O.llOtO.OlO 

2.794±0.254 

J 

0.180±0.005 

4.572±0.127 

K 

0.050±0.002 

1.270±0.051 

L 

mnt; +0,010 
0.105 

0 '*‘0.254 

2.667 _Q 381 

N 

nniK +0.010 

0.015 _o 002 

n TR1 "*’0.254 
-0.051 


0.340±0.010 

8.636±0.254 

R I 

0.250±0.010 

6.350±0.254 
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LINEAR INTEGRATED ClftCUITS UC3720 

Smart Switch 

FEATURES DESCRIPTION 

• 60V Operation The UC3720 Smart Switch cdntains a fully protected 4.5A high side switch along with 

• 4 inripnpnHpnt I nw c^idp <;witrhp<i with ^our 1A low Side switches. This device allows for the control of up to four separate 

1A Capability monitoring for both shorted or open conditions at the point of load. A full 

• /I cA u- h cvi c t k r' K i k range of protection circuitry Including instantaneous current limitrunder-voltage 

4.5A High Side Switch Capability lockout, hiccup mode current limit, and thermal shutdown allow for safe reliable 

• Over and Under Current Fault operation. 

Indication 

• Short Circuit and Thermal Shutdown 
Protection 

• Under-Voltage Lockout 

• 15 Lead, 25W Multiwatt Package 


BLOCK DIAGRAM 






UC3720 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage Vcc 60V 

Output Current, High Side Switch (pin 1) 

Non-Repetitive (t ^ 50 jus) -8A 

DC Operation -4.5A 

Output Current, Low Side Switches (pins 6, 7, 9, 10) 

Non-Reptitive (t = 50 jlls) 1.5A 

DC Operation 1A 

Logic Inputs -0.3 to 7V 


Total Power Dissipation (at Tcase = 75°C) 25W 

Storage and Junction Temperature -40°C to + 150°C 

THERMAL DATA 

Thermal Resistance Junction-Case, 0jc 3°C/W Max 

Thermal Resistance Junction-Ambient, 0ja 35‘’C/W Max 


Note: 1. All voltages are with respect to ground, pin 8. Currents are 
positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to + 70®C; V|n = 28 VDC) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Supply Voltage 


8 


40 

V 

Supply Current 

VpiNI = Vp|N2 = OV 



20 

mA 

LOGIC INPUTS I 

High-Level Input Voltage 


3.0 



V 

Low-Level Input Voltage 




0.8 

V 

High-Level Input Current 

V|N = 5.5V 



250 

jllA 

Low-Level Input Current 

V|N = 0.4V 

-160 



jllA 

LOAD STATUS [ 

Output Sink Current 

Vqut ~ O-^v 

0.5 



mA 

Current Detect Threshold 


100 


200 

mA 

FAULT I 

Output Sink Current 

Vqut ^ 0-4V 

0.5 



mA 

Overcurrent Threshold 


2.8 

3.0 

3.2 

A 

U.V. Lockout Threshold 


6.0 


8.0 

V 

Thermal Shutdown 



160 


°C 

HIGH SIDE SWITCH | 

VsAT(Vp|N14 “ Vp|Ni) 

■load = 3 A 



2 

V 

Output Leakage Current 




100 

jliA 

Output Current Limit 



8.0 



LOW SIDE SWITCHES | 

VSAT (VpiN6,7,9,10) 

•load = 0.75A 



1.4 

V 

Output Leakage Current 

Vo = 28V 



50 

JLtA 

Output Current Limit 



1.5 


A 
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UC3722 


LINEAR INTEGRATED CIRCUITS 

Five-Channel Programmable Current Switch 


FEATURES 


DESCRIPTION 


• Five Current-Sinking Switches 

• Peak Current Programmable from 0.5 
to 2.5A 

• Internal Current Sensing 

• Low-Saturation Outputs Can Block 40V 

• TTL Compatible Inputs 

• Diagnostic Signal Detects Open Load 
or Inoperative Switch 

• Thermal Sensor Detects Excessive 
Chip Temperature 

• High Power Multiwatt® or Standard DIP 
Packages 


This high-power monolithic circuit consists of five identical, low-side, high-current 
switches plus a common programmable circuit which sets the peak current limit for all 
five channels. This current limit threshold — which immediately latches off the power 
switch when reached — can be programmed over a range of 0.5 to 2.5 A. Each switch 
channel also contains a diagnostic circuit which compares the output response to the 
input command and provides, on a single fault-sense pin, an indication of a 
malfunction In either state of any switch. Finally, there is a temperature sensing circuit 
which switches on when the chip temperature exceeds a value of approximately 
160°C. This circuit does not cause shutdown, but provides an indication to the user of 
an over-temperature condition. 

Each current switch Is a high-gain grounded-emitter NPN Darlington power device with 
internal current sensing. This switch is off with the input low and switches on with an 
input voltage above a two volt threshold. If the current through the switch increases to 
a value greater than that programmed by the current adjust pin, the switch will be 
immediately latched off regardless of the input command. Lowering the input signal 
below threshold will reset the latch allowing the switch to turn on again with the next 
positive excursion of the input. 

The UC3722 is ideal for driving multiple inductive loads such as printer hammers or 
stepper motor phases to control peak current while providing maximum voltage across 
the coil. In the Multiwatt package, this device is able to handle up to 25W of internal 
power dissipation while the DIP package, with only one watt capability, should be 
considered only for low current and/or low duty cycle applications. 


BLOCK DIAGRAM 


UC3722 

FIVE CHANNEL CURRENT SWITCH 



Note: Pin numbers shown for Multiwatt Package 


0003-6 


Multiwatt® is a registered trademark of SGS Corporation. 
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UC3722 


ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAMS 


Collector Supply Voltage, Vc +40V 

Peak Collector Current, Iq + 3.0A 

Logic Supply Voltage, Vcc +7V 

Fault and Thermal Sense Voltage +40V 

Fault and Thermal Sense Current + 20 mA 

Input Signal Voltage, V|n -0.3 to +7.0V 

Current Set Voltage 0 to Vcc 

Multiwatt Power Dissipation (Tjab = +75®C) H-25W 

Derate for Tab Temperature > +75°C +0.3W/“C 

Dual-ln-Line Power Dissipation (Ta = +25“C) + 1.0W 

Derate for Ta > +25“C +10 mW/"C 

Operating Junction Temperature -55“C to +150*C 

Storage Temperature -65“C to +150‘'C 

Lead Temperature (Soldering, 10 Seconds) +300“C 

THERMAL DATA 

Multiwatt Thermal Resistance, 

Junction to Case, 0jc +3“C/W 

Multiwatt Thermal Resistance, 

Junction to Ambient, 0 ja + 35°C/W 

Plastic DIL Thermal Resistance, 

Junction to Case, 0jc + 50°C/W 

Plastic DIL Thermal Resistance, 

Junction to Ambient, 0 ja +100°C/W 


MULTIWATT (TOP VIEW) 
VH PACKAGE 



0003-1 

Tab connected to Pin 8 

Note: Power Tab must be connected to electrical ground. 


DIL (TOP VIEW) 
N PACKAGE 


''ccEJ 


THERMAL SENSE FT 
C IN[T 
C out[T 

D INIT 
D 0UT[T 
E out|T 

GROUND [T 


lU CURRENT SET 
Tsi FAULT SENSE 
u]B IN 
me OUT 
I^A IN 
]T] A OUT 
IN 

T] GROUND 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°Cto +70®C; Vcc = +5V, 

Vc= +35V,Vcs = Vcc= +5V) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Vcc = 5V 


20 

25 

mA 

Thermal Sense Leakage 

Vts = 40V 


0.01 

10 

/xA 

Thermal Sense Saturation* 

IjS — 5 mA 


0.1 

0.4 

V 

Fault Sense Leakage 

Vps = 40V 


0.01 

10 

jxA 

Fault Sense Saturation 

Ips ~ 5 mA 


0.1 

0.4 

V 

Current Set Input Bias 

< 

0 

CO 

II 

01 
< 


2 

10 

IxA 

Thermal Sense Activation* 



160 


*C 

Note: The following specifications apply to each channel tested separately | 

Input Bias Current 

V|N = 0.4V 


-0.2 

-0.5 

mA 

Input Bias Current 

V|N = 4.0V 


0.2 

0.5 

mA 

Min. Input Turn-On Voltage 



2.3 

3.2 

V 

Max. Input Reset Voltage 


0.8 

1.7 


V 

Output Saturation 

Iq = 1.0A 


1.2 

2.0 

V 

Output Saturation 

Iq = 2.5A 


1.8 

2.2 

V 

Peak Output Current 

Vcs = Vcc 


2.7 


A 

Peak Output Current 

Vcs = Vcc “ 0.5V 


1.5 


A 

Peak Output Current 

Vcs = Vcc - 1-5V 


0.5 


A 

Output Leakage 

Vo = 40V 


0.2 

1.0 

mA 

Turn-On Delay* 

See Test Circuit 


100 


ns 

Turn-Off Delay* 



500 


ns 

Current Shutdown Delay* 



200 


ns 


•This parameter not 100% tested in production 
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UC3722 


APPLICATION NOTES 

1. All threshold levels are developed from, and are therefore 
proportional to, Vcc- 

2. Ground is common to all switches and the package heat 
sink. Switch overlap is allowable but only if the heat sink is 
electrically connected to a high-conduction ground. In other 
words, ground current above 3 amps should go through the 
heat sink rather than pin 8. In the DIL package, maximum 
peak ground current should be limited to 6 amps. 

3. For efficient switching, input signals should have fast tran- 
sitions (100 ns, or less). 

4. The Current Set input is referenced to Vcc ^nd is intended 
for operation with a Set voltage ranging from Vcc down to 
(Vcc “ ■'•5) volts at which point the switch current is 
clamped to its minimum value. Reducing Vcs below (Vcc 
- 1.5) volts will saturate the Current Set internal amplifier 
and cause the switch current clamp to increase back to its 
peak value. 


5. The Fault Sense logic will indicate a fault by pulling low on 
its open-collector output. Multiple units can be wire-ORed 
together merely by connecting together to a common pull- 
up. The truth table logic is the following: 



Vc < 4V 

Vc > 4V 

V|N > 2.7V 

High (Good) 

Low (Fault) 

V|N < 1.3V 

Low (Fault) 

High (Good) 


The Fault Signal may need to be externally strobed since, 
due to switching delays, there will be a short fault condition 
with every signal transition. In addition, if the current sens- 
ing circuit latches the output off while the input remains 
high, this will show as a fault state. 

6. The Thermal Sense output is also open-collector so it can 
be wire-ORed with other circuitry. The sense circuit has ap- 
proximately 15° of hysteresis (switch on at approximately 
160°C; off at approximately 145°C). 


SIMPLIFIED INPUT CIRCUITRY (Each Channel) 



0003-4 


Peak Switch Current 



0 0.5 1.0 1.5 2.0 2.5 

CURRENT SET VOLTAGE, (Vcc-Vcs) 


o 

< 


o 

> 


< 

q: 

z> 

< 

to 


(O 


Switch Saturation 
Voltage 



1 .0 2.0 3.0 


SWITCH CURRENT-AMPS 

0003-5 
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LINEAR INTEGRATED CIRCUITS UC5170 

Octal Line Driver 


FEATURES 


DESCRIPTION 


• Eight Single Ended Line Drivers in One 
Package 

• Meets EIA Standards RS-232D and 
RS-423A and CCITT V.10/X.26 

• Single External Resistor Controls Slew 
Rate 

• Wide Supply Voltage Range 

• Tri-State Outputs 

• Output Short-Circuit Protection 

• Low Power Consumption 


The UC5170 is a octal single ended line driver suited for use in digital data 
transmission systems where signal wave shaping is desired. The output slew rates are 
jointly controlled by a single external resistor connected between SRA (slew rate 
adjust) and ground. The slew rate and output levels (RS-423A mode) are independent 
of power supply variations. 

RS-423A and RS-232C selection is easily accomplished by taking the mode select 
pins (Ms+ and Ms-) to ground (RS-423A) or to their respected supplies (RS-232C). 
Inputs are compatible with TTL and MOS logic families and are diode-protected 
against negative transients. 


ABSOLUTE MAXIMUM RATINGS (Note1) 

V+ (Pin 20) 15V 

V- (Pin 11) -15V 

PLCC Power Dissipation, Ta = 25'’C 1000 mW 

Derate at 10 mW/°C for Ta above 50'’C 

Thermal Resistance, Junction to Ambient 100°C/W 

DIP Power Dissipation, Ta = 25°C 1250 mW 

Derate at 12.5 mW/°C for Ta above 50°C 

Thermal Resistance, Junction to Ambient 80°C/W 

Input Voltage -1.5Vto +7V 

Output Voltage -12V to + 12V 

Slew Rate Resistor 2k to 1 0 kn 

Storage Temperature -65°C to + 150°C 


Note: 1. All voltages are with respect to ground, pin 18. 


CONNECTION DIAGRAMS 



FUNCTIONAL TABLE 


INPUTS 

OUTPUTS 1 

EN 

DATA 

RS-232C(2) 

RS423A 

0 

0 

(V+)-3V 

5V to 6V 

0 

1 

(V-)-3V 

-5V to 6V 

1 

X 

HighZ 

HighZ 


Note: 2. Minimum output swings. 


Q PACKAGE (TOP VIEW) 


B, A, NC H, Hi G, 
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UC5170 


DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated these specifications hold for |V+ 1 = |V-| = 10V, 


0 < Ta < +70°C, Ms+ = Ms- = OV, Rsra = +10k) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS | 

V+ Range 



9 


15 

V 

V“ Range 



-9 


-15 

V 

V+ Supply Current 

1 + 

R|_ = Infinite En = OV 


25 

37 

mA 

V“ Supply Current 

1- 

Rl = Infinite En = OV 


-23 

-35 

mA 

INPUTS 1 

High-Level Input Voltage 

V|H 


2.0 



V 

Low-Level Input Voltage 

VlL 




0.8 

V 

Input Clamp Voltage 

V|K 

l| = -15 mA 


-1.1 

-1.5 

V 

High Level Input Current 

l|H 

V|H = 2.4V 


0.25 

40 

fxA 

Low Level Input Current 

l|L 

V|L = 0.4V 

-200 

-8.0 


fxA 

OUTPUTS 1 

High Level 


ViN = 0.8V Rl = Inf., 

5.0 

5.3 

6.0 

V 

Output Voltage 

Vqh 

En = 0.8V Rl = 3k, 

5.0 

5.3 

6.0 

V 

(RS-423A) 


Rl = 450 

4.5 

5.2 

6.0 

V 

Low Level 


V|N = 2.0V Rl = Inf. 

-5.0 

-5.3 

-6.0 

V 

Output Voltage 

Vql 

En - 0.8V Rl = 3k 

-5.0 

-5.6 

-6.0 

V 

(RS-423A) 


Rl = 450 

-4.5 

-5.4 

-6.0 

V 

Output Balance 

Vbal 

Rl = 450 


0.2 

0.4 

V 

(RS-423A) 

Vqh ~ Vql = Vbal 




V 

High Level 


V|N = 0.8V Rl = Inf. 

7.0 

7.6 

10 

V 

Output Voltage 

Vqh 

En = 0.8V Rl = 3k 

7.0 

7.6 

10 

V 

(RS-232C) 


Ms+ = V+,Ms- = V- 





Low Level 


V|N = 2.0V Rl = Inf. 

-7.0 

-7.7 

-10 

V 

Output Voltage 

Vql 

En = 0.8V RL = 3k 

-7.0 

-7.7 

-10 

V 

(RS-232C) 


Ms+ = V+,Ms- = V- 





Off-State 

Output Current 

Iqz 

En - 2.0V, Vo = +6V 

V+ = 15V, V- = -15V 

-100 


100 

jxA 

Power-Off 

lx 

> 

0 

II 

l£ 

1 

> 

II 

+ 

> 

-100 


100 

fxA 

Output Current 

Vo = ±6V 


Short-Circuit 

Current 

■os 

ViN = OV, En = OV 

ViN = 5V, En - OV 

25 

25 

50 

40 


mA 

mA 


AC ELECTRICAL CHARACTERISTICS at |V+l = |V-| = +10V, 0 < Ta < +70°C, Ms+ = Ms- = OV 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Slew Rate 

tr 

tf 

Rsra = 2k 

Rl = 450, Cl = 50 pF 

8.25 

8.25 

9.5 

10 

13.25 

13.25 

V/jaS 

V/jaS 

Output Slew Rate 

tr 

tf 

Rsra = 

Rl = 450, Cl = 50 pF 

1.65 

1.65 

1.9 

2.2 

3.05 

3.05 

V//XS 

V/jULS 

Propagation Output 

tRz 

Rsra = 


0.3 

1.0 

fXS 

to High Impedance 

tLz 

Rl = 450, Cl = 50 pF 


0.5 

1.0 

fXS 

Propagation High 

tzH 

Rsra = lOk. 


6.0 

15 

fXS 

Impedance to Output 

tzL 

Rl = 450, Cl = 50 pF 


1 

15 
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UC5170 


AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


+ 10V 

p 







ENABLE 

D 


'^OUT 

MS+ GND 

MS- 

V" SRA 


FTI 


Kl - 


-OOUTPUT 


AC CHARACTERISTICS 



Driver Slew Rate 


Driver tr & tf (10-90%) 
RS-423A Mode 



0 2.00 4.00 6.00 8.00 10.00 

Rsra kO. 

0015-5 


APPLICATIONS INFORMATION 
Slew Rate Programming 

Slew rate for the UC5170 is set up by a single external resis- 
tor connected between the SRA pin and ground. Slew rate 
adjustments can be approximated by using the following for- 
mula: 

20 

v/m-s = - — (Rsra in kn) 

Rsra 

The slew rate resistor can vary between 2k and 10 kfl which 
allows slew rates between 10 to 22 V/jas, respectively. The 
relationship between slew rate and Rsra 's shown in the typi- 
cal characteristics. 

Waveshaping of the output lets the user control the level of 
interference (near-end crosstalk) that may be coupled to adja- 
cent circuits in an interconnection. The recommended output 
characteristics for cable length and data rates can be found 
in EIA standard RS-423A. Approximations of these standards 
are given by the following equations: 


5.00 


w 4.00 
u 

p 3.00 
z 

I 2.00 

Z 

< 

o: 

•- 1.00 


0 

0 2.00 4.00 6.00 8.00 10.00 

Rsra kil 

0015-6 



Max. Data Rate = 300/t (For data rates 1 k to 1 00k bit/s) 
Max. Cable Length (feet) = 100 x t (Max. length 4000 feet) 
where t is the transition time from 10% to 90% of the output 
swing in microseconds. For data rates below 1k bit/s t may 
be up to 300 microseconds. 

Output Voltage Programming 

The UC5170 has two programmable output modes, either a 
low voltage mode which meets RS-423A specifications, or the 
high output mode which meets the RS-232C specifications. 
The high output mode provides greater output swings, mini- 
mum of 3V below the supply rails, for driving higher, attenuat- 
ed lines. This mode is selected by connecting the mode se- 
lect pins to their respected supples, Ms+ to V+ and Ms- to 
V-. 

The low output mode provides a controlled output swing and 
is accomplished by connecting both mode select pins to 
ground. 
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APPLICATIONS 
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LINEAR INTEGRATED CIRCUITS UC51 80/51 81 

Octal Line Receiver 


FEATURES 

• Meets EIA 232D/423A/422A and 
CCITT V.10, V.11, V.28 

• Single + 5V Supply— TTL Compatible 
Outputs 

• Differential Inputs withstand ±25V 

• Low Open Circuit Voltage for Improved 
Failsafe Characteristic 

• Reduced Supply Current — 35 mA Max 

• Input Noise Filter (UC5180 only) 

® Internal Hystersis 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc TV 

Output Sink Current 50 mA 

Output Short Circuit Time 1 Sec 

Common Mode Input Range 15V 

Differential Input Range 25V 

Failsafe Voltage -0.3 to Vcc 

PLCC Power Dissipation, T/^ - 25*C 1000 mW 

Derate at 10 mW/^C for above SO^G 

Thermal Resistance, Junction to Ambient 1 0O^C/ W 

DIP Power Dissipation, Ta - 25’C 1200 mW 

Derate at 12.5 mW/’C for Ta above 50*C 

Thermal Resistance, Junction to Ambient 80°C/W 

Storage Temperature Range -65‘’C to +150°C 

Lead Temperature (Soldering, 10 Seconds) +300°C 

Note: 1. All voltages are with respect to ground, pin 8. Currents are 
positive into, negative out of the specified terminal. 


DESCRIPTION 

The UC5180 and UC5181 are octal line receivers designed to meet a wide range of 
digital communications requirements as outlined in EIA standards 232D, RS422A, and 
CCITT V.10, V.11, V.28, X.26, and X.27. The UC5180 includes an input noise filter and 
is intended for applications employing data rates up to 200 Kb/s. The UC5181, 
without input filtering, covers the entire range of data rates up to 10 Mb/s. A failsafe 
function allows these devices to “fail” to a known state under a wide variety of fault 
conditions at the inputs. 


CONNECTION DIAGRAMS 



o 


4/87 
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UC5180/5181 


DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°Cto +70°C; Vcc = 5V 


±5%, Input Common Mode Range ±7V) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

UC5180 

UC5181 

UNITS 

MIN 

MAX 

MIN 

MAX 

DC Input Resistance 

Rin 

3V ^ |V|nI ^ 25V 

3K 

7K 

3K 

7K 

n 

Failsafe Output Voltage 

VqfS 

Inputs Open or Shorted 

Together, or One Input 

Open and One Grounded 

OV ^ Iqut ^ 8 mA, VpAILSAFE = OV 


0.45 


0.45 

V 

0 ^ Iqut ^ —400 juA, 

VpAILSAFE = Vcc 

2.7 


2.7 


Differential Input High 
Threshold 

Vth 

Vqut = 2.7V, louT “ -440 jaA 
(See Figure 1) 

Rs = 0 (Note 2) 


0.2 


0.2 

V 

Rs = 500 (Note 2) 


0.4 


0.4 

Differential Input Low 
Threshold 

Vtl 

Vqut = 0.45V, Iqut 8 niA 
(See Figure 1) 

Rs = 0 (Note 2) 

-0.2 


-0.2 


V 

Rs = 500 (Note 2) 

-0.4 


-0.4 


Hysteresis 

Vh 

Fs = OV or Vcc (See Figure 1) 

60 

140 

60 

140 

mV 

Open Circuit Input Voltage 

V|OC 



100 


100 

mV 

Input Capacitance 

C| 



100 


100 

PF 

High Level Output Voltage 

VOH 

V|D = IV, Iqut — —440 fxA 

2.7 


2.7 


V 

Low Level Output Voltage 

VoL 

V|D= -1V 
(Note 3) 

Iqut = 4 mA 


0.4 


0.4 

V 

Iqut — 8 mA 


0.45 


0.45 

Short Circuit Output Current 

los 

Note 4 

20 

100 

20 

100 

mA 

Supply Current 

■cc 

4.75V ^ Vcc ^ 5.25V 


35 


35 

mA 

Input Current 

IlN 

Other Inputs Grounded 

V|N = +10V 


3.25 


3.25 

mA 

V,H = -10V 

-3.25 


-3.25 



Notes: 2. Rs is a resistor in series with each input. 

3. Measured after 100 ms warm up (at 0°C). 

4. Only 1 output may be shorted at a time and then only for a maximum of 1 sec. 



Figure 1. Vti, Vth, Vh Definition 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±5%.Ta = 0°Cto +70°C. Figure 2) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

UC5180 

UC5181 

UNITS 

MIN 

MAX 

MIN 

MAX 

Propagation Delay — Low to High 

tpLH 

Cl = 50pF. V|N = ±1V 


300 


70 

ns 

Propagation Delay — High to Low 

tpHL 

Cl = 50pF, V|N = ±1V 


300 


70 

ns 

Acceptable Input Frequency 

fa 

Unused Input Grounded, V|n = ±200 mV 


0.1 


5.0 

MHz 

Rejectable Input Frequency 

fr 

Unused Input Grounded, V|n = ±500 mV 

5.5 


NA 


MHz 


+ 1V 
-IV 


n 
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UC51 80/51 81 


APPLICATIONS INFORMATION 
Failsafe Operation 

These devices provide a failsafe operating mode to guard 
against input fault conditions as defined in RS422A and 
RS423A standards. These fault conditions are (1) driver in 
power-off condition, (2) receiver not interconnected with driv- 
er, (3) open-circuited interconnecting cable, and (4) short-cir- 
cuited interconnecting cable. If one of these four fault condi- 
tions occurs at the inputs of a receiver, then the output of 
that receiver is driven to a known logic level. The receiver is 
programmed by connecting ■ the failsafe input to Vcc or 
ground. A connection to Vcc provides a logic “1” output un- 
der fault conditions, while a connection to ground provides a 

RS232C/RS423C DATA TRANSMISSION 


logic “0”. There are two failsafe pins (Fsi and Fs 2 ) on the 
UC5180 or UC5181 where each provides common failsafe 
control for four receivers. 

Input Filtering (UC5180) 

The UC5180 has input filtering for additional noise rejection. 
This filtering is a function of both signal level and frequency. 
For the specified input (5.5 MHz at ±500 mV) the input stage 
filter attenuates the signal such that the output stage thresh- 
old levels are not exceeded and no change of state occurs at 
the output. 



0014-6 

RS422A DATA TRANSMISSION 
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OP AMPS & COMPARATORS 


PRODUCT SELECTION GUIDE 


|j5ijj||;||||^ 

DESCRIPTION 



UCOP01 

High Speed - High Slew 

Rate Op Amp 

• Low Power 

• Fast Settling Time 

• Internally Compensated 

• Pin Compatible with 741, OP01 

8 Pin 

DIL 

UCOP02 

High Performance General 
Purpose Op Amp 

• Low Power 

• Low Offset Voltage Drift 

• Internally Compensated 

• Pin Compatible with 741 

8 Pin 

DIL 


Quad Comparator with 
Programmable AC & DC 
Parameters 

• Wide Input Common Mode Range 

• Low Power 

• Directly Compatible with CMOS Logic 

• Output Drive Level Programmability 

• Outputs Can Be Wire Or’d 

16 Pin 

DIL 


High Slew Rate 

Operational Amplifier 

• High Slew Rate 150V//.<s tvd 

• Fast Settling Time; 1% in 75ns 

• Open Loop Gain: 70dB min. 

• Low Offset Voltage Drift ^0|J^/^C max. 

• Wide Bandwidth: DC to 100MHz at lOdB Gain 

8 Pin 

DIL 

UCl704y3704 

Bridge Transducer Switch 
for Monitoring Systems 

See Power Driver & Interface Circuits. 
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LINEAR INTEGRATED CIRCUITS 

Inverting High Speed Operational Amplifier 

FEATURES DESCRIPTION 


UCOP01 

UCOP01C 

UCOP01G 

UCOP01H 


• Fast Settling Time — tjasec to 0.1% 

• High Slew Rate — 18V//xsec Typ 

• Power Bandwidth — 250 kHz Typ 

• Low Power Consumption — 90 mW Max 

• Internally Compensated 

• Pin Compatible with 741, OP-01 


The UCOP-01 high speed operational amplifier features high slew rate and fast 
settling time. High speed capabilities are combined with excellent DC specifications, 
without compromising input bias current or power consumption. The feedforward 
frequency compensation network assures stable, high speed performance without 
external capacitors. The selection of the resistance seen by the inverting input lets 
you tailor the bandwidth to your application while assuring proper stability. 

The fast output response combined with excellent settling time makes the UCOP-01 
an excellent choice for a D/A converter output amplifier, or any precision application 
requiring enhanced speed performance. 


ABSOLUTE MAXIMUM RATING (Note 1) 


V+ (Pin 7) +22V 

V- (Pin 4) -22V 

Power Dissipation 500 mW 

Differential Input Voltage +30V 

Input Voltage Supply Voltage 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

UCOP-01, UCOP-01G -55°Cto +125°C 

UCOP-01H, UCOP-01C OX to +70X 


Note: 1 . All voltages are with respect to ground. 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 

N or J PACKAGE 



bal[T 


J]nc 

-in[T 

+in[T 


T]v* 

T]out 

v"[T 


^BAL 



0005-1 


SIMPLIFIED SCHEMATIC 





4/87 


6-4 


UNITRODE 




UCOP01 

UCOP01C 

UCOP01G 

UCOP01H 


ELECTRICAL CHARACTERISTICS at Vs = ±15 V.Ta + 25°C. unless otherwise noted. 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

UCOP-01 

UCOP-01H 

UCOP-01G 

UCOP-01C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Vos 

Rs ^ 20 kn 

— 

0.3 

0.7 

— 

2.0 

5.0 

mV 

Input Offset Current 

los 


— 

0.5 

2.0 

— 

2.0 

20 

nA 

Input Bias Current 

Ib 


— 

18 

30 

— 

25 

100 

nA 

Input Voltage Range 

IVR 


±12 

±13 

__ 

±12 

±13 

_ 

V 

Common-Mode 
Rejection Ratio 

CMRR 

VcM= ±10V 

Rs ^ 20 kn 

85 

110 

- 

80 

100 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

Vs = ±5Vto ±20V 

Rs ^ 20 kn 

- 

10 

60 

- 

100 

150 

juV/V 

Output Voltage Swing 

Vo 

Rl ^ 5 kn 

Rl ^ 2 kn 

±12.5 

±12.0 

±13.5 

±13.0 

— 

±12.5 

±12.0 

±13.5 

±13.0 

— 

V 

Large-Signal 

Voltage Gain 

Avo 

Rl ^ 2 kn 

Vo = ±10V 

50 

100 

- 

25 

75 

— 

V/mV 

Power Consumption 

Pd 

VoUT = 0 

— 

50 

90 

— 

50 

90 

mW 

Setting Time 
to 0.1 % (Summing 
Node Error) 

ts 

Av = -1 
(Notes 1 , 2) 

ViN = 5V 

- 

0.7 

1.0 

- 

0.7 

1.0 

JLLS 

Slew Rate 
(Notes 2, 3, 4) 

SR 

Ay = ~1, 

Rs = 3k to 5 kn 

12 

18 

- 

12 

18 

- 

V/jas 

Large-Signal 

Bandwidth 
(Notes 3, 4) 



150 

250 

- 

150 

250 

- 

kHz 

Small-Signal 

Bandwidth 
(Notes 3, 4) 



1.5 

2.5 

- 

1.5 

2.5 

- 

MHz 

Risetime 

tr 

Ay = -1 

V|N = 50 mV 

- 

150 

- 

- 

150 

- 

ns 

Overshot 

Os 


— 

2 

— 

— 

2 

— 

% 


Notes: 1. Rl = 2.5 kH; Cl = 50 pF. See Settling Time Test Circuit. 

2. Sample tested. 

3. See applications information. 

4. Guaranteed by design. 


ELECTRICAL CHARACTERISTICS at Vs = ±1 5V, - 55°C < Ta < + 1 25“C for UCOP-01 , UCOP-01 G and 0“C < Ta + 70°C for 

UCOP-01 H, UCOP-02C unless otherwise noted. 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

UCOP-01 

UCOP-01H 

UCOP-01G 

UCOP-01C 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Vos 

Rs ^ 20 kn 

— 

0.4 

1.0 

— 

3.0 

6.0 

mV 

Input Offset Current 

los 


— 

1 

4 

— 

4 

40 

nA 

Input Bias Current 

•b 


— 

30 

50 

— 

50 

200 

nA 

Input Voltage Range 

IVR 


±10 

±13 

— 

±10 

±13 

— 

V 

Common-Mode 
Rejection Ratio 

CMRR 

VCM= ±10V 

Rs ^ 20 kn 

85 

110 

- 

80 

100 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

Vs = ±5VtO ±20V 

Rs ^ 20 kn 


10 

60 

- 

100 

150 

JLlV/V 

Large-Signal 

Voltage Gain 

Ayo 

Rl ^ 2 kn 

Vo = ±iov 

30 

60 

- 

15 

50 

- 

V/mV 

Output Voltage Swing 

Vo 

Rl ^ 5 kn 

Rl ^ 2 kn 

±12.5 

±12.0 

±13.5 

±13.0 



±12.5 

±12.0 

±13.5 

±13.0 

— 

V 

Offset Voltage 

Drift (Note 1) 

TCVos 

Rs ^ 5 kn 

- 

2 

8 

- 

5 

20 

jaV/“C 


NOTES: 1. Sample tested. 
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UCOP01 

UCOP01C 

UCOP01G 

UCOP01H 

OPERATION AND APPLICATION INFORMATION 


Large-Signal Pulse Response 



Vs = +15V, Av = -1, Rs = 3.3 ka 
V|N = +5V, Rl = 2 ka, Cl = so pF 


Small-Signal Pulse Response 



TIME (100 ns/DIV) 


0005-4 

Vs = ±15V, Av = -1, Rs == 3.3 ka 
V|N = +40 mV, Rl = 2 ka. Cl = 50 pF 


Unity-Gain Bandwidth 
vs Source Resistance 


Open-Loop Gain 
vs Frequency 


Large-Signai Output 
Swing vs Frequency 



FREQUENCY (MHz) 


FREQUENCY (kHz) 


FREQUENCY (MHz) 


0005-5 


Compensation 

The UCOP-01 uses a feedforward compensation network to 
provide fast slewing and settling times in all inverting and 
moderate to high gain noninverting applications. Unity gain 
bandwidth Is a function of the total equivalent source resist- 
ance seen by the inverting input terminal. Proper choice of 
this resistance will allow the user to maximize bandwidth 
while assuring proper stability. The equivalent inverting termi- 
nal resistance is defined as R|nI|Rf. and it must be greater 
than 3.3 kft to assure stability in all closed loop configura- 
tions including unity gain. Should this resistance become less 
than 3.3 kn, a resistor (Rs) can be placed between the in- 
verting terminal and the summing node to provide the re- 
quired resistance. (See Figure Fast Inverting Amp Diagram.) 
Lower values of R|nI|Rf rnay be used to improve bandwidth 
in higher closed loop gain configurations, as shown by the 
open loop gain vs frequency plot. 


Fast Inverting Amplifier 
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OPERATION AND APPLICATION INFORMATION (Continued) 
Settling Time Test Circuit 

The settling time measurements have been made using the 
test figure shown, this circuit incorporates the “false summing 
node” technique to produce accurate and repeatable results. 
For a 5V input step, 0.1% settlings will be achieved when the 
false summing node settles to 2.5 mV of its final value. The 
scope being used should have wide bandwidth and fast over- 
load recovery time. The capacitance at the false summing 
node should be minimized and R|n has to equal Rp within 
0.01% to be able to measure settling times within 0.1%. 


UCOP01 

UCOP01C 

UCOP01G 

UCOP01H 



0005-7 


TYPICAL APPLICATIONS 


Offset Nulling Circuit 



V- 
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LINEAR INTEGRATED CIRCUITS 

General Purpose Operational Amplifier ucopo 2 D 


UCOP02A 

UCOP02C 

UCOP02E 


FEATURES 


DESCRIPTION 


• Excellent DC Specification 

• Low Offset Voltage Drift— 8 jliV/^C Max 

• Low Power Consumption — 90 mW Max 

• Internally Compensated 

• Pin Compatible with 741 


The UCOP-02 high performance general purpose operational amplifier provides 
significant improvements over industry standard 741 types while maintaining ease of 
application and low cost. The LICOP-02 offers superior specifications in key areas, 
such as Vqs. Iqs. Ib. CMRR, PSRR, and Avo which are all specified over the full 
operating temperature range. 

The UCOP-02 is a direct replacement for the 741. It is ideal for upgrading existing 
designs. 


ABSOLUTE MAXIMUM RATING (Note 1) 


V+ (Pin 7) +22V 

V- (Pin 4) -22V 

Power Dissipation 500 mW 

Differential Input Voltage ±30V 

Input Voltage Supply Voltage 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

UCOP-02, UCOP-02A, UCOP-02B -55°C to +125‘’C 

UCOP-02C, UCOP-02D, UCOP-02E 0°C to +70"C 


Note: 1. All voltages are with respect to ground. 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 

N or J PACKAGE 



bal|T 


J]nc 

-in|T 

+in|T 


TJv* 

^^OUT 

v’|T 


3]bal 



0006-1 


SIMPLIFIED SCHEMATIC 


V+ 
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UCOP02 UCOP02A 
UCOP02B UCOP02C 
UCOP02D UCOP02E 


ELECTRICAL CHARACTERISTICS at Vs = ± 15V. Ta +25°C, unless otherwise noted. 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

UCOP-02A 

UCOP-02E 

UCOP-02 

UCOP-02C 

UCOP-02B 

UCOP-02D 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Vos 

Rs ^ 20 kn 

— 

0.3 

0.5 

— 

1 

2 

— 

3 

5 

mV 

Input Offset Current 

los 


— 

0.5 

2 

— 

1 

5 

— 

5 

25 

nA 

Input Bias Current 

Ib 


— 

18 

30 

— 

20 

50 

— 

30 

100 

nA 

Input Resistance- 
Differentail-Mode 

Rin 

(Note 2) 

3.8 

7.5 

- 

2.3 

7 

- 

1 

5 

- 

Ma 

Input Voltage Range 

IVR 




__ 



— 



— 

V 

Common-Mode 
Rejection Ratio 

CMRR 

VcM= ±10V 

Rs ^ 20 ka 



- 



- 


85 

- 


Power Supply 

Rejection Ratio 

PSRR 

Vs = ±5Vto ±20V 
Rs ^ 20 ka 

- 



- 



- 

100 

150 

JLtV/V 

Output Voltage Swing 

Vo 

Rl ^ 2 ka 


CO 

-H 

— 

BUI 


— 

±12 

±13 

— 

V 

Large-Signal 

Voltage Gain 

Avo 

Rl ^ 2 ka 

Vo = ±10V 



- 



- 

25 

150 

- 


Power Consumption 

Pd 

> 

o 

II 

o 

> 

— 



— 


90 

— 

50 


mW 

Input Noise Voltage 

©np-p 

0.1 HztolOHz 

— 



— 


— 

— 




Input Noise 

Voltage Density 

©n 

fo = 10 Hz 
fo = 100 Hz 
fo = 1000 Hz 

H 


B 

B 


B 

B 


B 


Input Noise Current 

•np-p 

0.1 HztolOHz 








BSi 


Q. 

< 

Q. 

Input Noise 

Current Density 

•n 

fo = 10 Hz 
fo = 100 Hz 
fo = 1000 Hz 

1 

M 

B 

B 


B 

B 

B 

B 

pA/^/Hz 

Slew Rate 

SR 

(Note 1 ) 

12^ 


— 


BQI 

— 

B!sI 

0.5 

— 

BBSI 

Large-Signal 

Bandwidth 


Vo = 20Vp.p 
(Note 1) 

4 

8 

- 

4 

8 

- 

4 

8 

- 


Closed-Loop 

Bandwidth 

BW 

Avcl = + 1 
(Note 1) 

0.8 


- 


m 

- 

0.8 

1.3 

- 


Risetime 

tr 

Avcl = + 1 

ViN = 50 mV 

- 


- 

- 


- 

- 


- 

IQII 

Overshoot 

Os 


— 

5 

— 

— 

5 

— 

— 

5 

— 

% 


Note: 1 . Guaranteed by design. 

2. Guaranteed by input bias current. 


ELECTRICAL CHARACTERISTICS at Vs = ±15V. -55“C < Ta < + 125“C for UCOP-02A. UCOP-02. UCOP-02Band 

0°C < Ta < +70°Cfor UCOP-02C, UCOP-02D, UCOP-02D unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

UCOP-02A 

UCOP-02E 

UCOP-02 

UCOP-02C 

UCOP-02B 

UCOP-02D 

IB 





BB 





Input Offset Voltage 

Vos 

Rs ^ 20 ka 

— 

0.4 

1 

— 

m 

3 

— 

3 

6 

bbi 

Average Input Offset 
Voltage Drift (Note 1) 

TCVos 

Rs = 50a 

- 

2 

8 

- 

4 

10 

- 

8 

20 


Input Offset Current 

■os 


— 

EB 

4 

— 

1.4 

10 

— 

5 

50 

nA 

Average Input Offset 
Current Drift (Note 1) 

TCIos 


- 

B 

120 

- 

15 

250 

- 


500 

pA/“C 

Input Bias Current 

Ib 


— 

22 

50 

— 

25 

100 

— 

50 

200 

nA 

Input Voltage Range 

IVR 


±10 

±13 

— 

±10 

±13 

— 

±10 

±13 

— 

V 

Common-Mode 

Rejection Ratio 

CMRR 

VCM = ±10V 

Rs ^ 20 ka 

80 

100 

- 

80 

90 

- 

70 

85 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

Vs = ±5Vto ±20V 
Rs ^ 20 ka 

- 

10 

60 

- 

30 

100 

- 

100 

150 

jaV/V 

Large-Signal 

Voltage Gain 

Avo 

Rl ^ 2 ka 

Vo = +10V 

50 

100 

- 

25 

60 

- 

15 

25 

- 

V/mV 

Output Voltage Swing 

Vo 

Rl ^ 2 ka 

±12 

±13 

— 

±12 

±13 

— 

±10 

±13 

— 

V 


Note: 1 . Sample tested. 

2. Guaranteed by design. 
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UCOP02 UCOP02A 
UCOP02B UCOP02C 
UCOP02D UCOP02E 


OPERATING AND APPLICATION INFORMATION 


Open-Loop 
Frequency Response 



Open-Loop Gain vs 
Power Supply Voltage 


E 



a. 

O 

o 


UJ 

a. 

O 



±0 ±5 ±10 ±15 ±20 

POWER SUPPLY (VOLTS) 

0006-7 


Closed-Loop Response 
for Various Gain 
Configurations 



10 100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 

0006-5 


Maximum Undistorted 
Output vs Frequency 



FREQUENCY (kHz) 

0006-8 


Open-Loop Gain 
vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (®C> 

0006-6 


OFFSET NULLING CIRCUIT 



ABSOLUTE VALUE CIRCUIT 


R3 R4 R5 

lOkA lOkA lOkn 



Design Equations 


Positive Input Negative Input 

1. Va = 0, D2 OFF, D1 ON 1. D1 OFF, D2 ON 

= E|n^ 3.Eo = Va(i 


■ R1 R2 R3 + R4 


Va 


R5 


R3 + R4/ 


3. With R1 = R3 = R4 = R5: 
Eq = E|n 

4. Vos included: 

Eo = E|n + 2Vos 


4. With R3 = R4 = R5: 

Eo = 1.5 Va 

^ (R2) (R3 + R4) (1.5) E|n 

■ ° R1 (R2 + R3 + R4) 


6. With R1 = R2 = R3 = R4: 

Eo = -E|n 

7. Vos error included: 

Eq = -E||m + 1.5VoS 2 “ 0-5Vosi 

8. For both inputs: Eo = + [E|n] 
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LINEAR INTEGRATED CIRCUITS ucieiA 

Micropower Quad Comparator UC161C 

FEATURES DESCRIPTION 

® Programmable Output Drive Capability The UC161 family of quad comparators feature programmable DC and AC parameters. 

• Direct CMOS Logic Compatibility ^ single external resistor can set the comparators to operate in the microwatt region 

^ for battery applications, or higher current levels can be set to obtain improved speed 

Low Power capabilities. The outputs on these devices can be wire OR’d together, 

• Direct Wire-OR of Outputs simplifying external logic requirements in some applications. 

• Wide Input Common Mode Range These devices are available in three temperature ranges, the UC161A is specified for 

the full military range, -55°C to +125°C, the UC161B for the industrial range, -25°C 
to +85°C, and the UC161C for the commercial range of 0°C to +70°C. 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ( + V to -V) 36V 

Differential Input Voltage +30V 

Input Voltage -V-0.3V to + V 

Power Dissipation at Ta = 25°C 1000 mW 

Derate at 1 0 mW/°C above 25°C 

Power Dissipation at Tc = 25°C 2000 mW 

Derate at 16 mW/°C above 25°C 

Operating Junction Temperature -55°C to TISO^C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 Sec.) +300°C 


CONNECTION DIAGRAM 



SIMPLIFIED SCHEMATIC (ONE COMPARATOR) 
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UC161A 

UC161B 

UC161C 


ELECTRICAL CHARACTERISTICS Temperature range Is - 55“ to + 1 25“C for the UC1 61 A, - 25“C to + 85“C for the UC1 61 B, and 


0“C to + 70“C for the UC1 61 C 

LOW POWER ELECTRICAL CHARACTERISTICS (Unless Otherwise Stated: Vs = ±3V, Iset^ = 10 |liA, R2 = 10 MH, Cl = 10 pF, 
Ta = 25“C) 



PARAMETER 

SYMBOL 

TEST CONDITIONS 

UC161A 

UC161B/C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Vos 



1 

3 


1 

6 

mV 

Input Offset Current 

'os 



1 

20 


1 

25 

nA 

Input Bias Current 

'bt 



20 

100 


20 

200 


DC Open Loop Voltage 
Gain 

AvOL 


20 

30 


10 

30 


V/mV 

Low Output Voltage! 

VoL 

Rl = 20 kft 


-2.95 

-2.6 


-2.95 

-2.6 

V 

High Output Voltage! 

VOH 

Rl = 200 kft 

2.5 

2.9 


2.5 

2.9 


DYNAMIC 

Common Mode Range 

CMR 



+ 1.3/-3 



CO 

1 

CO 

+ 


Response Time 

t 

100 mV Overdrive, Cl = 10 pF 


5 



5 


flS 

Common Mode Rejection 
Ratio 

CMRR 

V|N = CMR 

75 

90 


75 

90 


dB 

SUPPLY 

Power Supply Rejection 
Ratio 

PSRR 


65 

80 


65 

80 


Supply Current 

's 

All Inputs Grounded, Rl = 0 ° 


210 

300 


210 

300 

,xA 

Ta = Over Temperature Range | 


Input Offset Voltage 

Vos 




5 




mV 

DC Open Loop Voltage 
Gain 

Avol 


10 



5 



V/mV 

Supply Current 

Is 

All Inputs Grounded, Rl = 



350 



350 

jaA 


HIGH POWER ELECTRICAL CHARACTERISTICS (Unless Otherwise Stated: Vs = ± 15V, Iset^ = 100 julA, Rl = 2 Mn, 
Cl = IOpF.Ta = 25°C) 



PARAMETER 

SYMBOL 

TEST CONDITIONS 

UC161A 

UC161B/C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT 

Input Offset Voltage 

Vos 



1.5 

3 


1.5 

6 

mV 

Input Offset Current 

■os 



5 

60 


5 

90 

nA 

Input Bias Current 

Ibt 



100 

400 


100 

800 

OUTPUT 

DC Open Loop Voltage 
Gain 

Avol 


50 

100 


30 

100 


V/mV 

Low Output Voltage! 

VoL 

Rl = 20 ka 


-14.9 

-14.6 


-14.9 

-14.6 

V 

High Output Voltage! 

VoH 

Rl = 200 ka 

14.5 

14.9 


14.5 

14.9 


0 

S 

< 

z 

>- 

0 

Common Mode Range 

CMR 



+ 13/-15 



+ 13/-15 


Response Time 

t 

100 mV Overdrive, Cl = 10 pF 


1 



1 


JU,S 

Common Mode Rejection 
. Ratio 

CMRR 

V|N = CMR 

75 

90 


75 

90 


dB 

SUPPLY 

Power Supply Rejection 
Ratio 

PSRR 


65 

80 


65 

80 


Supply Current 

's 

All Inputs Grounded, Rl = °° 


2100 

3500 


2100 

3500 

fxA 


Notes: 1. The output current drive of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The output pull-down 
current capability is typically 75-150 times the pull-up current. 

2. Set current (Iset) and supply current (Isupply) can be determined by the following formulas; 

[( + V) - (2Vbe) - (-V)] 

•set a • 'supply - 21 X IsET- 

Rset 
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UC161A 

UC161B 

UC161C 


HIGH POWER ELECTRICAL CHARACTERISTICS (Continued) Ta = Over Temperature Range 



PARAMETER 

SYMBOL 

TEST CONDITIONS 

UC161A 

UC161B/C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Vos 




6 




mV 

Input Bias Current 

•bt 




500 




nA 

DC Open Loop Voltage 
Gain 

Avol 


25 



15 



V/mV 

Supply Current 

•s 

All Inputs Grounded, Rl = 



4000 



4000 

^A 


Notes: 1. The output current drive of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The output pull-down 
current capability is typically 75-150 times the pull-up current. 

2. Set current (Iset) and supply current (Isupply) can be determined by the following formulas: 

[( + V)-(2Vbe)-(-V)] 


ISET = ■ 


Rset 


■supply = 21 X Iset* 


APPLICATION AND OPERATION INFORMATION 
DESCRIPTION 

The UC161 is a monolithic quad micropower comparator with 
an external control for varying its AC and DC characteristics. 
The variation of a single programming resistor will simulta- 
neously alter parameters such as supply current, input bias 
current, slew rate, output drive capability, and gain. By making 
this resistor large, operation at very small supply current lev- 
els and power dissipations is possible. The UC161 is there- 
fore ideal for systems requiring minimum power drain, such as 
battery-powered instrumentation, aerospace systems, CMOS 
designs, and remote security systems. 

The circuit (see Simplified Schematic) is composed of five 
major blocks — four comparators and a common bias network. 
Qi-Qe and Di form a darlington differential amplifier with 
double-to-single ended conversion. Qe is a dual current 
source whose outputs are exactly twice the current flowing 
through Qs- The collector current of Qq is a function of the 
current supplied externally to Qg-Q-io, which in turn is known 
as the set current or Iset* This set current is established by a 
resistor connected between the Iset terminal and a voltage 
source, most commonly the positive supply. Qi i prevents ex- 
cessive current from flowing through Qg and Qio in the event 
the Iset terminal is shorted to the positive supply; it has no 
effect on circuit operation under normal conditions. 


SETTING THE SET CURRENT 

The set current can be expressed as: 

[(+V)-(2Vbe)-(-V)] 

'SET = ^ 

Rset 

where +V is the voltage to which the control resistor is con- 
nected, —V is the negative supply voltage, Vbe is the base 
emitter drop of Qg or Q-iq (about 0.7V), and Rset is the value 
of the external control resistor or set resistor. Equation 1 is 
simply a derivative of ohms law. There is also an analytical 
relationship betwen Iset sirid the total supply current: 

•supply = [Iset (current sourced by Q© to Qg) 

+ 2 Iset (current sourced to the differential 
amplifier by Qg) 

+ 2 Iset (current sourced to the comparator 
output by Qg)] 

X 4 (the total numbers of comparators) 

+ Iset (current sourced through Q*ii, Q*io. and 
Qg to -V) 

= [Iset + 2 Iset + 2 Iset! x 4 + Iset 
= 21 Iset 

The output current pulldown capability (Iql) the UC161 is 
about 2 orders of magnitude greater than the high output 
drive current, (Iqh). which allows wire-ORing the outputs. Iqh 
is simply the current sourced by Qg: 

•oh = 2 X Iset 

Iql ‘S found by multiplying the current sourced by the collec- 
tor of Qg by the gain Q 7 : 

Iql = P (Q?) X 2 Iset 
The beta of Q7 is about 75-150. 
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Vout(VOLTS) 'bias - input bias current (nA) 


UC161A 

UC161B 

UC161C 


APPLICATION AND OPERATION INFORMATION (Continued) 



F. I 

1 10 100 IK 10K 


■supply" SUPPLY CURRENT (/xA) 

0011-3 



±2 ±5 ±10 ±15 

Vs - SUPPLY VOLTAGE (VOLTS) 


001 1 -4 


Transfer Characteristic 




V,N- DIFFERENTIAL (a^V) 

0011-5 


■supply" SUPPLY CURRENT (/xA) 

0011-6 
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POSITIVE TRANSITION SLEW RATE (V//is) 





LINEAR INTEGRATED CIRCUITS yc542A 

High Slew Rate Operational Amplifier UC542C 


FEATURES 


DESCRIPTION 


The UC542 amplifier is designed for applications requiring wide bandwidth, high slew 
rate and fast settling time. The amplifier has been set for optimum response at a 
closed loop gain of 20 dB without any additional compensation, however external 
frequency compensation may be added to tailor the transfer and transient response 
for optimum performance. 

The design emphasis has been placed on obtaining high frequency performance 
without sacrificing key specification such as Vqq, Iqs. CMRR and PSRR. 


• High Slew Rate; 150V/ jus typ. 

• Fast Settling Time: 1 % in 75 ns 

• Open Loop Gain: 70 dB min. 

• Low Offset Voltage Drift; 10 fxV/C max. 

• Wide Bandwidth: DC to 100 MHz at 10 
dB Gain 

ABSOLUTE MAXIMUM RATINGS (Hotel) 


Supply Voltages 

V+ + 18V 

V- -18V 

Differential Input Voltage . .V±7V 

Input Voltage .4V 

Output Short Circuit Duration . ; . . . . — Indefinite 

Power Dissipation, Ta = 25°C : ; 1 W 

Derate 8 mW/“C for Ta > 25°C 
Storage Temperature -65°C to + 150"C 


Note: All voltages are referenced to ground. 


APPLICATIONS 

• Wideband IF Amplifier 

• Wideband Video Amplifier 

• High Speed Integrator 

• D/A and A/D Conversions 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 


N or J PACKAGE 


v-E 


I]gnd 

VoE 


6] -IN 

compU 


TJ+in 

V+U 


Unc 


0016-1 


SIMPLIFIED SCHEMATIC 





UC542A 

UC542B 

UC542C 


ELECTRICAL SPECIFICATIONS Unless otherwise stated, these specifications apply for -55°C < Ta < 125“Cfor UC542A, — 25°C < 
Ta < 85°C for UC542B, O^C < Ta < 70°C for UC542C. |V + 1 = |V-| = 15V and pin 8 grounded. 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS | 

V-t- Range 



13 


18 

V 

V- Range 



-13 


-18 

V 

V-l- Supply Current 

1 + 



15 

20 

mA 

V- Supply Current 

1- 



-15 

-20 

mA 

Power Supply Rejection 

PSRR 

Vs = ± 13V to ±18V 



350 

jaV/V 

INPUTS 1 

Input Offset Voltage 

Vos 



2.0 

5.0 

mV 

Input Offset Current 

los 



50 

200 

nA 

Input Bias Current 

lb 



3.0 

10 

/xA 

Common Mode Rejection 

CMRR 

VcM = ±3V 

65 

75 


dB 

Input Offset Voltage Drift 

TCVos 

Tmin < Ta ^ Tmax (Note 2) 


5.0 

10 

jaV/°C 

OUTPUT 1 

Output Voltage Swing 

Vo 

Rl = 600 

±2.5 



V 

Output Sink Current 



5 

7 


mA 

Output Source Current 



15 

25 


mA 

TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain 

Avol 

Rl = 600 

70 

75 


dB 

Open Loop Temp. Coeff. 


Rl = 600 


0.03 


dB/°C 

Closed Loop Bandwidth 


Gain = lOdB 


100 


MHz 

TRANSIENT RESPONSE | 

Slew Rate 

SR 

Gain = 20 dB (Note 2) 

125 

175 


V/jxs 

Settling Time to 1 % 

fs 

Gain = 20 dB (Note 2) 


60 


ns 


Note: 2.These parameters although guaranteed, are not 100% tested in production. 


UC542 Closed Loop Gain = 20 dB 
Non-Inverting Amp 

40 
35 
30 
25 

m 20 

■D 

g 10 

5 
0 

-5 

-10 

10 ^ 10 ^ 10 ^ 10 ® 10 ^ 10 ® 
FREQUENCY (Hz) 

0016-4 



TYPICAL CHARACTERISTICS 


UC542 Open Loop Gain and 
Phase vs Frequency 



o<^ 

450 

90 ® 

135® 


FREQUENCY (Hz) 
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UC542A 

UC542B 

UC542C 


TYPICAL CHARACTERISTICS (Continued) 


Large Signal Large Signal 

Pulse Response Pulse Response 





TIME{10nS/DlV) 


TIME(10nS/DIV) 


0016-5 


0016-6 



Small Signal 
Pulse Response 


9 
!r Q 


Note: All pulse responses are at |V + | = |V“| 


TIME (20 nS/DIV) 


0016-7 

15V, non-inverting gain of 20 dB (1k/110a) and Rl = eOOfl; Cl = 15 pF. 



OPERATING INSTRUCTIONS 


Layout Considerations 

The wide bandwidth of the UC542 necessitates that high fre- 
quency circuit layout procedures be followed. Failure to do so 
can result in marginal performance. A circuit board with a 
ground plan is recommended. Bypass capacitors (0.1 to 1.0 
jaF, ceramic) should be connected directly on the supply pins 
and lead lengths should be kept short as possible. If the com- 
pensation pin is not being used care should be taken not to 
add any stray capacitance to this pin. If desired the compen- 
sation pin can be cut off. 


Output Level Adjustments 

Pin 8 (gnd) does not need to be connected to ground unless 
well behave clipping levels are to be maintained. It is recom- 
mended that pin 8 be grounded at all times unless adjust- 
ments to the clipping levels are desired. 

The clipping levels of the UC542 can be changed by connect- 
ing a pot between pin 4 (V + ) and pin 8 (gnd). While the sep- 
arations between the clipping levels remain, output swings up 
to 6V can be achieved. (See “Output Level Adjust” in Typical 
Applications.) 
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UC542A 

UC542B 

UC542C 


TYPICAL APPLICATIONS 


N.l Gain of 20 dB 
(Dynamic Test Circuit) 


0 to 5V Output Levei 
Adjust Circuit 



Unity Gain Buffer 
(SR = 100 V/jLts) 


INPUTC 


d 




_10pF 

-i-^SAAr-J 


-O OUTPUT 


Comparator with Hystersis 

V*=15V 
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PACKAGING INFORMATION 
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DEVICE TEMPERATURE MANAGEMENT 


All circuit components will dissipate some power while operating and this causes their tempera- 
ture to rise. Unitrode integrated circuits are designed to handle a considerable range of temper- 
atures, but there are limits. Each part is characterized for a particular temperature range, and 
the user must see to it that the specified limits are not exceeded. This brief note will give a few 
hints on how to do this. 

With the power turned off, all components of a given circuit will be at the same temperature as 
the ambient air (assuming, of course, that sufficient time has elapsed for all differences to 
settle). With the power on, the various components will be warmed up due to their internal 
power dissipation, until a new state of equilibrium is reached. In this state, some devices may 
be hotter than others, and the air temperature will also be higher than before, but for each 
device it will be true that the amount of heat generated internally is equal to the amount of heat 
removed by the air. In the case of an I.C., for example, heat transfer occurs between the 
device’s case and the air, as well as by conduction through the P.C. board, or heatsink, and 
from there to the air. 

Since all the heat is generated at the silicon chip, it is safe to assume that the chip must be 
hotter than the 1C case; the case must be hotter than the air, or board, or heatsink; and the 
board or heatsink must be hotter than the air. In short, heat flows downhill, from points of 
higher temperature to cooler spots. 

The rate of heat flow depends on the temperature difference (AT) between the two end points, 
and also on a quantity called “thermal resistance,” which is represented by the symbol $. Heat 
is a form of energy, and if we choose the joule as the measuring unit, we can specify the rate of 
heat flow in units of joules per second. Therefore, 

AT 

Rate of heat flow = — [joules per second] 

6 

and since joules per second is the same as watts (W), we have 

AT 

6 = — [°C per watt] 

W 

The quantity 6 defines an important property of materials, with the better thermal conductors 
having the lowest 0 values. Since 1C chips must be protected by a variety of packages, it is 
important for the user to know the thermal resistance 0 of each type of package, in order to 
make certain predictions about the thermal behavior of the device in his circuit. 



3/87 
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UlCC PACKAGE RATINGS 


Package Type 

Typ.0jc,“C/w 

Typ.ejA,°c/w 

D = UPinS.O. 

N/A 

150 

F = Ceramic Flat Pack 

50 

150 

H = TO-39 

20 

130 

J = Ceramic DIP 



8-Pin 

40 

130 

14-Pin 

30 

80 

16-Pin 

30 

80 

18-Pin 

30 

75 

K = TO-3 

3 

35 

L = Ceramic Leadless Chip 

15 

70 

Carrier 



N = Plastic DIP 



8-Pln 

60 

125 

14-Pin 

50 

100 

16-Pin 

50 

100 

18-Pin 

40 

90 

24-Pin 

35 

80 

16-Pin Batwing 

50 

80 

P = 24-Pin Power Cerdip 

3 

25 

Q = 20-Pin PLCC 

N/A 

100 

R = TO-66 

5 

40 

S = Side Braised Ceramic 

25 

90 

T = TO-220 

3 

60 

V = 15-Pin Multiwatt® 

3 

35 


Table 1— Thermal resistance of various Unitrode 1C packages. 0jc is the thermal 
resistance from chip to case, while ^ja is the value from chip to air. 

Table 1 shows the following 0 values for Unitrode IC packages: 

©jc: thermal resistance from chip junction to case. 

0ja: thermal resistance from chip junction to air. 

The values of 0jc and given in the table are not necessarily exact numbers, but rather 
conservative ones, so that by using them, you will tend to err on the side of improved reliability. 

You will have noticed that Equation (1 ) is a sort of “thermal Ohm’s law”, and that if you know 
any two of the quantities involved, you can calculate the third. With the 6 values given in Table 
1 , you can always calculate the junction temperature by measuring the net input power to the 
IC. 

Now, consider a device such as the UC3620. The data sheet gives us the following Absolute 
Maximum Ratings: 

Total Power Dissipation 

(Tease = 75'C) 25W 

Storage & Junction Temp + 40°C to + 1 50°C 
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We can sketch the curve below: 


ALLOWABLE 
POWER DISSP. 


— 25W — 1 

-1 
«JC 


CASE TEMPERATURE 

0007-1 

Although the data sheet does not specifically state the derating factor, we can calculate it from 
the information given; it is the slope of the line from + 75°C to + ISO'C. In this case, the value 
is - at case temperatures above + TS'C. We note that the junction temperature any- 

where along the curve is + 1 50°C, and since this is the maximum allowable temperature, we 
must take steps to stay within the area below the curve. 

The thermal resistance can be found by simply taking the reciprocal of the derating factor. In 
the case of our UC3620 for example: 

0JC = 3“C/W 

which is also the value given in Table 1 for the 15-pin Multiwatt package. 

Suppose one intends to use the UC3620 at 2A continuous output current. The data sheet 
states that the total voltage drop at the output stages is 3.6V maximum. At 2A, this will result in 
an internal dissipation of 7.2W. If the supply voltage is say, 36V, the quiescent current of 55 mA 
maximum gives us an additional 2W of internal heating, for a total of 9.2W. Furthermore, we 
decide to provide sufficient cooling to keep the junction temperature at a maximum of 100°C — 
for increased reliability. Suppose the ambient temperature is to be -t- 50°C maximum. Then, our 
AT is 100°C — 50°C = 50‘’C, and the required thermal resistance from junction to air will be 

SO'C 

«OA - ^ - 5.43-C/W 

We know already that 0jc = 3°C/W. Mounting the 1C to a heatsink will result in an additional 
thermal resistance in series. If you decide to use a mica insulator coated with thermal grease, 
you Insert an additional 0.3°C/W (see any Semiconductor Accessories Catalog). Therefore, we 
need a heatsink with a 0CA value of 

$CA = 5.43 - 3 - 0.3 = 2.13“C/W 

This is the maximum value of thermal resistance between mounting surface and air that will 
keep the junction temperature at or below the chosen value of 100°C. We need only to go 
through a heatsink manufacturer’s catalog to find a suitable part or extrusion with the required 
0CA value. 
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PACKAGING INFORMATION 
Index 

Page 

8 Pin Plastic DIP (N) 7-8 

14 Pin Plastic DIP (N) 7-8 

16 Pin Plastic DIP (N) 7-8 

18 Pin Plastic DIP (N) 7-9 

24 Pin Plastic DIP(N) 7-9 

28 Pin Plastic DIP(N) 7-9 

8 Pin Ceramic DIP (J) 7-10 

14 Pin Ceramic DIP (J) 7-10 

16 Pin Ceramic DIP (J) 7-10 

18 Pin Ceramic DIP(J) 7-11 

24 Pin Ceramic DIP (J) 7-11 

3 Pin TO-5 Metal Package (H) 7-11 

3 Pin TO-220 Plastic Package (T) 7-12 

5 Pin TO-220 Plastic Package (T) 7-12 

2 Pin TO-3 Metal Package (K) 7-12 

15 Pin Vertical Multiwatt (V) 7-13 

15 Pin Horizontal Multiwatt (VH) 7-13 

24 Pin Power Ceramic DIL (P) 7-13 

14 Pin SO 1C Surface Mount (D) 7-14 

16 Pin SO 1C (Wide Body) Surface Mount (D) 7-14 

20 Pin PLCC Surface Mount (Q) 7-14 

28 Pin PLCC Surface Mount (Q) 7-15 

20 Pin LCC Surface Mount (L) 7-15 

28 Pin LCC Surface Mount (L) 7-15 
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I 


PACKAGING INFORMATION 


8-PIN PLASTIC 
N PACKAGE 








HBi 





I^QII 




||Q]| 

HQH 


beeh 






|||Q3[| 



n^iii 








mmm 

H39i 

KBI 

BBfl 

bbi 











BSB 




14-PIN PLASTIC 
N PACKAGE 



A A 











16-PIN PLASTIC 
N PACKAGE 
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PACKAGING 



18-PIN PLASTIC 

N PACKAGE 




DIMENSIONS 


SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

A 

.245 

icon 


1^91 

B 

.890 


IQQ9 

99E9 

C 

.120 


991 

9091 

Cl 

.015 


IBSI 

0.89 

Cs 

.125 

.150 

3.18 

3.81 

D 

.290 

.310 

7.37 

7.87 

E 

.090 

.110 

9^1 


F 

.045 

.065 

1.14 

999 

Fi 

.015 

.023 

0.38 


F2 

.008 

.015 

0.20 

0.38 

G 

.300 

.400 

7.62 

10.16 

H 

.055 

.080 

1.40 

2.03 





24-PIN PLASTIC 

N PACKAGE 




DIMENSIONS 


SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 


.500 

.550 

12.70 

13.97 

HHHH 

1.230 

1.270 

31.24 

32.26 


.150 

.160 

3.81 

4.06 

c. 

.015 

.035 

0.38 

0.89 

Cj 

.125 

.150 

3.18 

3.81 

D 

.590 

.610 

14.99 

15.49 

E 

.090 

.110 

2.29 

2.79 

F 

.040 

.065 

1.02 

1.65 

F, 

.015 

.023 

0.38 

0.58 

f2 

.006 

.015 

0.15 

0.38 

G 

.500 

.700 

12.70 

17.78 

H 

.065 

.085 

1.65 

2.16 





28-PIN PLASTIC 

N PACKAGE 




DIMENSIONS 1 


SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

A 



12.70 

13.97 

B 


1.450 

33.15 

36.83 

C 


.035 


■^91 

Cl 


.180 


4.57 

Cj 

.125 

.150 

9IE9 

9^9 

D 

.590 

.610 

9x9 

mmm 

E 

.090 

.110 

2.29 

2.79 

F 

.040 

.065 

1.02 

1.65 

Fi 


.023 

0.38 

0.58 

Fj 


.015 

0.20 

0.38 

G 


.800 

17.78 

20.32 

H 


.085 

1.65 

2.16 
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PACKAGING INFORMATION 


8-PIN CERAMIC 
J PACKAGE 


MIN MAX MIN AAAX 

.290 .320 7.37 8.13 

.220 .310 ^59 7.87 


.200 5.08 

.015 .060 0.38 1.52 

.014 .023 0.36 0.58 

.008 .015 0.20 0.38 

.030 .070 0.76 1.78 

.100 BSC 1 2.54 BSC 


SEATING PLANE 


1 


B 

1 


WM 


14-PIN CERAMIC 
J PACKAGE 






DIMENSIONS 


SYMBOL 

INCHES 

MILLIMETERS 



MIN 

MAX 

MIN 

MAX 

T 

A 

.290 

.320 

7.37 

8.13 


Ai 

.220 

.310 

5.59 

7.87 


B 


.785 

... 

19.94 

gT 

C 


.200 

... 

5.08 

D 

.015 

.060 

0.38 

1.52 


E 

.014 

.023 

0.36 

0.58 

L 

F 

.008 

.015 

0.20 

0.38 

F,r 

Fi 

.030 

.070 

0.76 

1.78 

G 

.100 BSC 

2.54 BSC 

SEATING PLANE 


16-PIN CERAMIC 
J PACKAGE 






DIMENSIONS 

T“ 

SYMBOL 

INCHES 

MILLIMETERS 

1 


MIN 

MAX 

MIN 

AAAX 


A 

.290 

.320 

7.37 

8.13 


Ai 

.220 

.310 

5.59 

7.87 


B 

... 

.840 

... 

21.34 

t_ 

C 


.200 

... 

5.08 


D 

.015 

.060 

0.38 

1.52 

r 

E 

.014 

.023 

0.36 

0.58 

J 

F 

.008 

.015 

0.20 

0.38 

Fi 

.030 

.070 

0.76 

1.78 

SEATING PLANE 

G 

.100 BSC 

2.54 BSC 
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PACKAGING INFORMATION 


18-PIN CERAMIC 
J PACKAGE 




24-PIN CERAMIC 
J PACKAGE 




3-PIN TO-5 METAL 
H PACKAGE 
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PACKAGING INFORMATION 


3-PIN TO-220 PLASTIC 
T PACKAGE 




— 1 “1 

"1 -Di 

SEATING 

PLANE 



Hi 


■ 


1 — 

J 

E J - 


5-PIN TO-220 PLASTIC 
T PACKAGE 








1 

9 

■ 

H 

1 

1 


1 





2-PIN TO-3 METAL 
K PACKAGE 
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PACKAGING INFORMATION 


15-PIN VERTICAL MULTI 
V PACKAGE 



24-PIN POWER CERAMIC 

P PACKAGE 


1 DIMENSIONS 

SYMBOL 

INCHES 

MILLIMETERS 


MIN 1 .AAAX 

MIN 1 MAX 

Ai 

.600 

15.24 

Aa 

.650 

16.51 

B 

1.900 

48.26 

Bi 

1.600 

40.64 

B2 

1.250 

31.75 

C 

1 .180 

- 1 4.57 

Cl 

.040 

1.02 

D 

.520 

13.21 

E 

.100 

2.54 

F 

.240 .260 

6.10 6.60 

Fi 

.045 .055 

1.14 1.40 

F2 

.016 .020 

0.41 0.51 
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PACKAGING INFORMATION 


14-PIN PLASTIC SO 1C SURFACE MOUNT 
D PACKAGE 



16-PIN PLASTIC SO 1C SURFACE MOUNT 
D PACKAGE 



20-PIN PLASTIC PLCC SURFACE MOUNT 
Q PACKAGE 
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PACKAGING INFORMATION 


28-PIN PLASTIC PLCC SURFACE MOUNT 
Q PACKAGE 



- PIN NO. 1 

^ PIN NO. 1 IDENTIFIER 



E-Ji -JT— D y 



20-PIN CERAMIC LEADLESS SURFACE MOUNT 
L PACKAGE 






I I 

M 
I I 

^LID 

1 1 


, 

E 1 


'f . 

rl_r^ 


28-PIN CERAMIC LEADLESS SURFACE MOUNT 
L PACKAGE 

1 

DIMENSIONS 


SYMBOL 

INCHES 1 MILLIMETERS 



MIN 

MAX MIN MAX 


A 

.442 

.460 11.23 11.68 


Ai 

... 

.460 -- 11.68 


B 

.022 

.028 0.56 0.71 


C 

.065 

.100 1.63 2.54 


C, 

.054 

.088 1 .37 2.24 


D 

.075 REF 1.91 REF 


Di 

.150 BSC 3.81 BSC 


02 

.050 BSC 1 .27 BSC 
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SURFACE MOUNT CONNECTION DIAGRAMS 


The following pages contain connection diagrams for either plastic or ceramic, 
commercial temperature range (0°C to +70°C), surface mount packages. 

Mechanical drawings may be found on page 7-14 for the 20 Pin PLCC surface mount “Q” 
package and page 7-15 for the 20 Pin LCC surface mount "L” package. Note: The 
UC5170 and^UC5180 are only available in the 28 Pin PLCC surface mount “Q” package 
(see page 7-15). 

For other temperature requirements and for availability information please contact the 
factory. 
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SURFACE MOUNT CONNECTION DIAGRAMS 


3 2 1 20 19 


N/C- 4 

V|N- 5 
N/C - 6 
N/C- 7 
N/C- 8 


1 8 - N/C 
17 -N/C 
16 -N/C 
15 -N/C 
14 -N/C 


VouT SENSE - 
N/C- 


3 2 1 20 19 


N/C- 4 
N/C - 5 
N/C- 6 
N/C- 7 
N/C- 8 


9 10 11 12 13 



8 - N/C 
7 -N/C 
6 -ADJ 
5 - N/C 
4 - N/C 


UC3524AQ 


OSC/SYNC 
C.L (+) 
N/C 
C.L. (-) 



N/C 
INV INPUT 
N.l. INPUT 

OSC OUT 
+CUR SEN 
N/C 
-CUR SEN 

Rt 



— 

"“^REF 

— 


18 

- B OUT E 

17 

- B OUT C 

16 

-N/C 

15 

-A OUT C 

14 

- A OUT E 


UC3525AQ/3527AQ 


UC3526Q 


SYNC 
OSC OUT 
N/C 
Ct 



N/C 
+ ERROR 
- ERROR 


COMP 
C SS 
RESET 
-CUR SN 
+CUR SN 
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SURFACE MOUNT CONNECTION DIAGRAMS 


(Continued) 


UC3543Q 




N/C — 




SCR TRIG — 

1 



REM ACT — 

1 1 

1 

““^REF 


X 3 2 

20 19 


RESET - 

4 

18 

— GROUND 

O.V. IND - 

5 

17 

— C.L. OUT 

N/C- 

6 

16 

- OFST/COMP 

O.V. DELAY - 

7 

15 

— C.L. N.l. 

O.V. INPUT - 

8 

14 

— C.L. INV 


9 10 11 12 13 


N/C— 

1 

1 

— U.V. IND 
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A SECOND-GENERATION 1C SWITCH MODE CONTROLLER OPTIMIZED 
FOR HIGH FREQUENCY POWER MOSFET DRIVE 


Introduction 

Since the introduction of the SG1524 in 1976, integrated 
circuit controllers have played an important role In the 
rapid development and exploitation of high-efficiency 
switching power supply technology. The 1524 soon 
became an industry standard and was widely second- 
sourced (it is available from Unitrode as the UC1524). 
Although this device, as well as the MC3420 and TL494 
which followed it, contained all the basic control ele- 
ments required for switching regulator design; practical 
power supplies still required other functions which had 
to be implemented with additional external discrete cir- 
cuitry. 

An additional development within the semiconductor 
industry was the introduction of practical power FETs 
which offered the potential of higher efficiencies at 
higher speeds with resultant lower overall system costs. 
In order to be able to take full advantage of the speed 


capabilities of power FETs, it was necessary to provide 
high peak currents to the gate during turn-on and turn- 
off to quickly charge and discharge the gate capaci- 
tances of 800 to 2000pF present in higher current units. 

The development of a second-generation regulating 
PWM 1C, the UC1525A, and its complimentary output 
version, the UC1527A, was a direct result of the desire 
to add more power supply elements to the control 1C, as 
well as to optimize the interfacing of high current power 
devices. 

Integrating More Power Supply Functions 

Having achieved the greatest level of acceptance 
among users of first generation control chips, the 1524 
became the starting point for expanding 1C controller 
capabilities. This early device, shown in Figure 7, con- 
tains a fixed-voltage reference source, an oscillator 
which generates both a clock signal and a linear ramp 



Figure 1. The UC1524 Regulating PWM Block Diagram. 

This design was the first complete 1C control 
chip for switch mode power supplies. 
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waveform, a PWM comparator, and a toggle flip-flop with 
output gating to switch the PWM signal alternately 
between the two outputs. 

With this circuitry already defined, a two pronged devel- 
opment effort was initiated: 1) to add additional features 
required by most power supply designs and 2) to 
Improve the utility of features already included within the 
1524. The resultant block diagram for the UC1525A is 
shown in Figure 2. Two general comments should be 
made relative to the overall block diagram. First, in opti- 
mizing the output stage for bi-directional, low impedance 
switching, commitments had to be made as to whether 
the output should be high or low during the active, or ON 
state. Since this is application defined there are needs 
for both output states, so both were developed with the 


UC1525A device defined by an output configuration 
which is high during the ON pulse, and the UC 1527A 
configured to remain high during the OFF state. This dif- 
ference is implemented by a mask option which elimi- 
nates inverter Q4 (see Figure 3) for the UC1527A. In all 
other respects, the 1525A and 1527A are Identical and 
any description of the 1525A characteristics apply 
equally to the 1527A. Second, a major difference 
between this new controller and the earlier 1524 is the 
deletion of the current limit amplifier. There are so many 
system considerations in providing current control that it 
is preferable to leave this as a user-defined external 
option and allocate the package pins to other, more uni- 
versally requested functions. Current limiting possibili- 
ties are discussed further under shutdown options. 


+ v„©- 

GROUND(i2)- 


SYNC@- 

Rt@- 

Ct@- 

DISCHARGE (j} 


COMP ©- 

INV. INPUT 0- 
N.l. INPUT ©- 

SOFT-START ©■ 


SHUTDOWN (0 



Figure 2. The UC1525A family represents a “second 
generation” of 1C controliers. . 
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“Totem-Pole” Output Stage 

One of the most significant benefits in using the 
UC1525A is its output configuration. For the first time it 
has been recognized in an IC controller that it is more 
difficult to turn a power switch off than turn it on. With the 
UC1525A, a high-current, fast transition, low impedance 
drive is provided for both turn-on and turn-off of an exter- 
nal power transistor or FET. The circuit schematic of one 
of the two output stages contained within the device is 
shown in Figure 3. This is a two-state output, either Qg Is 
on, forming a low saturation voltage pull-down, or Q7 is 
on, pulling the output up to Vq. Note that Vc is a separate 
terminal from the V|n supply to the rest of the device. 
This offers the benefits of potentially operating the out- 
put drive from a lower supply than the rest of the circuit 
for power efficiencies, decoupling of drive transients 
from more sensitive circuits, and a third terminal for 
extracting a drive signal. Note that even though Vc can 
be set either higher or lower than V,n, the output cannot 
rise higher than approximately 1 V2 volts below Vi^. 



Figure 3. One of two power output stages contained 
within the UC1525A which conduct alternately 
due to the internal flip-flop. 


During the transition between states, there is a slight 
conduction overlap between source and sink which 
results in a pulse of current flowing from Vc to ground. 
However, due to the high-speed design configuration of 
this stage, this current spike lasts for only about 100ns. 
A typical current waveform at Vc is shown in Figure 4. 
This transient will normally be decoupled from the rest of 


the control power by a 0.1 mfd capacitor from Vc to 
ground but it should not, otherwise, cause a problem 
unless very high frequency operation Is contemplated 
where it will contribute to overall device power dissipa- 
tion, by becoming a significant portion of the total duty 
cycle. 



HORIZONTAL = 500ns/DIV 

Figure 4. Current “spiking” on the Vq terminal caused by 
conduction overlap between source and sink is 
minimized by high-speed design techniques. 



.01 .02 .03.04.05.07.10 .2 .3 .4.5 .7 lA 


OUTPUT CURRENT, SOURCE OR SINK (A) 

Figure 5. The ouput saturation characteristics of the 
UC1525A provide both high drive current and 
low hold-off voltage. 
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The output saturation characteristics of this stage are 
shown in Figure 5. The source transistor, Q7, is a straight 
forward Darlington and its saturation voltage remains 
between 1 and 2V out to 400mA under the assumption 
that V|N > Vcc- The sink transistor, Qg, however, has a 
non-uniform characteristic’ which needs explanation. At 
low sink currents, the 1mA current source through Q5 
insures a very low saturation voltage at the output. As 
load current increases past 50mA, Qg begins to come 
out of saturation for lack of base drive but only up to 
about 2V. Here diode Dg becomes forward biased shunt- 
ing a portion of the load current through Qg to boost the 
base current into Qg. With this circuit, the sink transistor 
can both support high peak discharge currents from a 
capacitive load, as well as insure the low static hold-off 
voltage required for bipolar transistors. 

A typical output configuration for a push-pull, bipolar 
transistor power stage is shown in Figure 6. With a 
steady state base drive current from the UC1525A of 
100mA, this stage should be able to switch 1 to 5A of 
transformer primary current, depending upon the choice 
of transistors. The sum of and Rg determine the maxi- 
mum steady state output current of the UC1525A while 
their ratio defines the voltage across Cg which, at turn 
off, becomes the reverse Vb^ for Q^. With the values 
given, the output current and voltage waveforms are 


I j 



HORIZONTAL = 500ns/DIV 


V,,, = Vc = 20V 

OUTPUT A, 5V/DIV 

Q, BASE CURRENT 
200mA/DIV 


Figure 7. Base current waveforms (Figure 6 circuit) show 
the enhanced turn-on and turn-off current pos- 
sibie with the UC1525A. 


shown in Figure 7 for a one microsecond pulse. If power 
FETs are used for the output switches as shown in Fig- 
ure 8, the interfacing circuitry can become even simpler 
with only a small series gate resistor potentially required 
to damp spurious oscillations within the FET. 



Figure 6. A typical push-pull converter power stage 
using external bipolar power transistor 
switches. 


Figure 8. Replacing bipolar transistors with POWER 
MOSFETs provides even greater simplicity 
due to the low driving impedances of the 
UC1525A in each transition. 
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Push-pull direct transformer drive is also particularly 
advantageous with UC1525A as shown in Figure 9. A 
version of this configuration is required for isolation 
when the control circuit is referenced to the secondary 
side of an off-line power system, and to provide level 
shifting of drive signals for V 2 bridge and full bridge 
switching. The configuration oi Figure 9 has a couple of 
important advantages. First, by connecting the drive 
transformer primary directly between the outputs of the 
UC1525A, no center-tap is needed and the full primary 
is driven with opposite polarities. Secondly, between 
each output pulse, both outputs are pulled to ground . 
which effectively shorts the two ends of the priniary 
winding together coupling a low-impedance turn-off sig- 
nal to the switching transistors. 



Figure 9. The UC 1 525A is ideaily suited for driving a low- 
power base drive transformer and eliminates 
the need for a primary centertap. 


A useful single-ended configuration, typical of buck reg- 
ulators, is shown in Figure 10. Here the UC1525A out- 
puts are grounded and the PWM signal is taken from the 
Vc terminal which switches close to ground during each 
clock period as the internal source transistors are alter- 
nately sequenced. 



Figure 10. A single-ended, ground-referenced power 
stage for a flyback or boost regulator. 


Controlling Power Supply Start-Up 

Although the advantages of the UC1 525A’s output stage 
will often be reason enough for its selection, there are 
several other Important and useful features incorporated 
within this product. One problem previously overlooked 
in PWM circuits is keeping the output under control as 
the supply voltage is turned on and off. Undefined 
states, particularly the possibility of turning on an output 
before the oscillator is running, can be quite awkward, if 
not catastrophic. To prevent this, the UC1525A has 
incorporated an under-voltage lockout circuit which 
effectively clamps the outputs to the off state with as lit- 
tle as 2 V 2 V of supply voltage which is less than the volt- 
age required to turn the outputs on. This clamp is main- 
tained until the supply reaches approximately 8V 
insuring that all the remaining UC1525A circuitry is fully 
operational prior to enabling the outputs. The clamp 
reactivates when the supply is lowered to approximately 
7.5V. There is about 500mV of hysteresis built in to elimi- 
nate clamp oscillation at threshold. 

Another important aspect of power sequencing is 
restraining the outputs from immediately commanding a 
100% duty cycle when they are activated. This is 
accomplished by a slow turn on (soft-start) which is 
defined by an internal SOfxA current source In conjunc- 
tion with an externally applied capacitor. The details of 
this power sequencing system are shown in Figure 1 1 . 
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Q3 and Q4 are the output gates normally driven by the 
oscillator through Dg to provide output blanking between 
pulses. (One of these transistors Is shown as Qg in Fig- 
ure 3.) At low supply voltages, Qg conducts with base 
drive from the 20/iA current source. Qg provides three 
functions. First, current through R4 activates the output 
gates with minimum voltage drop. Second, current 
through R5 activates the shutdown transistor Q5 holding 
the soft-start capacitor, Css, discharged. Third, Rg pro- 
vides a small bucking voltage across R3 for hysteresis at 
the switch point. 

vyhen the input voltage becomes high enough to pro- 
vide a little more than one volt at the base of Q^, that 
transistor turns on. This turns off Qg, activating the out- 
puts and allowing Css to begin to charge from the Inter- 
nal SOfiA current source. The time to reach approxi- 
mately 50% duty cycle will be 


/ 2 volts \ 

t = I I Css 

\ SOiiA ) 



Figure 11. The internal power turn-on, soft-start, and 
shutdown circuitry of the UC1525A. 


Power Supply Shutdown 

An important part of any PWM controller is the ability to 
shut it down at any time for a variety of reasons, includ- 
ing system sequencing requirements or fault protection. 
Several options are available to the user of the 
UC1525A, which require an understanding of the capa- 
bility of the shutdown terminal, pin 10. Referring to Fig- 
ure 1 1, the base of Qg is turned on by a signal which Is 
clamped to approximately 1 .4V by the action of Di and 
the Vbe of gates Q3 and Q4. This holds the outputs off 
and keeps Css discharged by Qg which, with R9, 
becomes a 100/iA net current sink. 

If, during normal operation, pin 10 Is pulled high, three 
things happen. First, the outputs are turned off within 
200ns through D^. Second, the PWM latch is set by Qg 
so that even if the signal at pin 10 were to disappear, the 
outputs would stay off for the duration of that period, 
being reset by the next clock pulse. Third,' Qg is acti- 
vated commencing a lOO/^A discharge of Css- However, 
If the activation pulse on pin 10 has a duration shorter 
than V3 of the clock period, the voltage on Css will 
remain high and soft-start will not be reactivated. Natu- 
rally, a fixed signal on pin 10 will eventually discharge 
Css, recycling soft-start. Thus, the shutdown pin pro- 
vides both sequencing capability as well as a convenient 
port for protective functions, including pulse-by-pulse 
current limiting. 


Regulating PWM Performance 
Improvements 

The UC1525A also offers significant performance and 
application improvements in almost all of the additional 
basic functions of a PWM over those obtainable with 
earlier devices. A general description of these features 
is outlined below: 

Reference Regulator: The output voltage of this regulator 
is internally trimmed to 5.1V ±1% during manufacture, 
eliminating the need for adjusting potentiomenters in 
most applications. 

Error Amplifier: The UC1525A uses the same basic 
transconductance amplifier as the UC1524 with an 
important difference: it is powered by V,n rather than 
Vref- Now the input common-mode range includes Vref 
eliminating the need for a voltage divider with its atten- 
dant tolerances. An additional feature relative to the 
error amplifier is that the shutdown circuitry feeds into a 
separate Input to the PWM comparator allowing pulse 
termination without affecting the output of the error 
amplifier which might have a slow recovery, depending 
upon the external compensation network selected. An 
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important benefit of a transconductance amplifier is the 
ease with which its current mode output can be over-rid- 
den by other external controlling signals. 

PWM Comparator: The significant benefit of the 
UCl525A’s PWM comparator is in its following latch. A 
common problem with earlier devices was that any 
noise or ringing on the output of the error amplifier would 
affect multiple crossings of the oscillator ramp signal 
resulting in multiple pulsing at the comparator’s output. 
The UC1525A’s latch terminates the output pulse with 
the first signal from the comparator, insuring that there 
can be only a single pulse per period, removing all jitter 
or threshold oscillation from the system. Another impor- 
tant advantage of this latch is the ability to easily imple- 
ment digital or pulse-by-pulse current limiting by merely 
momentarily activating the shutdown circuitry within the 
UC1525A. This could be as simple as connecting pin 10 
to a ground-referenced current sensing resistor. For 
greater accuracy, some added gain may be advanta- 
geous. Once a current signal causes shutdown, the out- 
put will remain terminated for the duration of the period, 
even though the current signal is now gone. An oscilla- 
tor clock signal resets the latch to start each period 
anew. 


Oscillator: The functions of the oscillator within the 
UC1525A have been broadened in two important 
aspects. One is the addition of a synchronization termi- 
nal, pin 3, allowing much easier interfacing to an exter- 
nal clock signal or to synchronize multiple UC1525A’s 
together. The other is the separation of the oscillator’s 
discharge network from its charging current source for 
deadtime control. Reference should be made to the 
schematic of Figure 12 for an understanding of the oper- 
ation of this circuit. The heart of this oscillator Is a dou- 
ble-threshold comparator, Qy and Qg, which allows the 
timing capacitor to charge to an upper threshold by 
means of the current source defined by Rj and mirrored 
by Qi and Qg.The comparator then switches to a lower 
threshold by turning on Q^o and discharges Cj through 
Qg and Q4 with a rate defined by Rq. As long as Cj is 
discharging, the clock output is high, blanking the out- 
puts. Since the overall oscillator frequency is defined by 
the sum of the charge and discharge times, there are 
three elements now in the frequency equation which is 
approximately: 

1 

f « 

Ct (0.7Rt + 3Rd) 



CLOCK OUT 

Figure 12. A simplified schematic of the UC1525As 
oscillator circuitry. 
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External synchronization can easily be accomplished 
with a 2.8V positive pulse at pin 3. This will turn on Qg, 
lowering the comparator threshold below wherever the 
voltage on Cj may happen to be. Two factors should be 
considered; First, the voltage on Cj determines the 
amplitude of the PWM ramp, and if the sync occurs too 
early, the loop gain will be higher and the resolution may 
be worse. Second, the sync circuit is regenerative within 
200ns; and, while a wider pulse can be used, Cj will not 
begin to recharge as long as the sync pin is high. For 
synchronizing multiple UC1525A devices together, one 
need only to define a master with the correct RjCj time 
constant, connect its output pin to the slave sync pins, 
and set each slave RjCj for a time constant 10-20% 
longer than the master. 


A 200 Watt, Off-Line, Forward Converter 

The ease of interfacing the UC3525A into a practical 
power supply system can be illustrated by the off-line, 
power converter shown in Figure 13. This 200W supply 
places the control circuitry on the primary side of the 
power transformer where direct coupling can be used to 
drive the power switch. While simplifying the drive elec- 
tronics, this configuration usually requires an isolated 
voltage feedback signal which is most easily accom- 
plished by an optocoupler driven by some type of volt- 
age regulator IC such as a SG723 or LM305. One other 
undefined block in Figure 13 is the auxilliary power sup- 
ply which suppplies the low voltage, low current bias 
supply for the UC1525A and the drive for Qi, the power 
switch. The choice of the UFN443 POWER MOSFET 


T1 



Figure 13. 200W, Off-Line Forward Converter. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-11 


PRINTED IN U S A. 





APPLICATION NOTE 


U-89 


for this switch keeps the total power requirements from 
the auxiliary supply at less than 1W; readily imple- 
mented with a small, line-driven transformer. 

This converter is designed to operate at 1 50kHz which is 
accomplished by running the UC1525A at 300kHz and 
using only one of the outputs. This also automatically 
insures that the duty cycle can never be greater than 
50%, a requirement of the power transformer in this 
configuration. The high operating frequency allows the 
output filter’s roll-off to be set at 12kHz, greatly simplify- 
ing the overall loop stability considerations as adequate 
response can be achieved with only the single-pole com- 
pensation of the error amplifier provided by the .05^F 
capacitor on pin 9. 

The totem-pole output of the UC1525A is used to advan- 
tage to drive Qi by providing a 400mA peak current to 
charge and discharge the MOSFET’s gate capacitance 
while keeping overall power dissipation low. Waveform 


photographs of this operation are shown in Figure 14. 

When operating at full load, the efficiency of this con- 
verter is 73% with by far the greatest power losses 
occurring in the output rectifiers— even though Schottky 
devices have been selected. Switching losses have 
been minimized by the fast current transitions, primarily 
defined by the leakage inductance of the transformer. 
Although this switching time could probably be even fur- 
ther reduced, there could be problems with current 
spikes during rise time due to Schottky rectifier capacit- 
ance. 

Current limiting for this converter Is provided by measur- 
ing the current in UFN443 with the 0.1Q resistor in 
series with the source and using this voltage to activate 
the shutdown circuitry within the UC1525A. While this 
will provide a fast-acting short circuit protection on a 
pulse-by-pulse basis, a comparator may need to be 
added for a more accurate current limit threshold. 




b) Risetime c) Falltime 

»g0ns *30ns 

Figure 14. Current and voltage waveforms for the 200W, Off-Line Forward Converter with a UC1525A direct driven 
MOSFET Power switch. (Operating frequency is 150kHz with output current equal to 40A.) 
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Transformer Winding Data 

500 Watt, 100kHz, Off-Line, Half-Bridge Converter 

T1 Core: Ferrox 846T250-3C8 T3 Core: Ferrox 846T250-3C8 

Pri: 14T#22AWG Pri: IT 

Sec (2): TV #22AWG Sec: 20T, C.T #22AWG 

T2 Core: Ferrox EC52-3C8 (EE) T4 117V/220V, 25V, 0.1 5A, 50-60Hz 

Pri: 14T, 2 layers, 2 #16 AWG in parallel LI Core: Ferrox IF30-3C8 

Sec (2): each 2T, C.T, copper strap .01 " x .8" 4 turns, 5 #12AWG in parallel 


3.9n 20nF 



Figure 15. 500W, 100kHz Half-Bridge Schematic. 
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500 Watt, Off-Line, Half-Bridge Converter 

The circuit shown in Figure 15 uses a pair of Unitrode 
UFN443 POWER MOSFETs jin a half-bridge configu- 
ration with the UC1525A chip referenced to the second- 
ary side of the power transformer. The MOSFET gates 
are driven directly from the control chip output through 
step down and isolation transformer Ti. The UC1525A 
output terminals (pins 11 and 14) provide active pull-up 
and pull-down (dual source/sink) for the primary of Ti. 
This provides the fast, high current turn-on and turn-off 
pulses needed for the MOSFET gates. In addition, the 
two ends of the primary windings are shorted to ground 
during deadtime, which prevents accidental turn-on by 
transients. Note that the current supplied by the 
UC1525A outputs drops to a small value when the gate 
capacitance has been charged or discharged to the 
desired gate voltage. Damping resistors with series 
blocking capacitors across the two secondaries of T^ 
minimize ringing due to the MOSFET gate capacitance 
and the inductance of T^ and lead inductance, particu- 
larly during deadtime. 

Deadtime for the UC1525A is set very simply by a single 
resistor between pins 5 and 7. Only a small amount of 
deadtime is needed since the MOSFETS have no 
storage time and a very short delay time. 

Slow turn-on Is accomplished by a single capacitor at 
pin 8. 

Current limiting is provided by current transformer Tg in 
series with the primary of the power transformer Tg. The 
signal is rectified, threshold adjusted and sent to the 
shutdown terminal, pin 10, of the UC1525A. 

Waveforms of the converter are shown in the scope pho- 
tos of Figure 16. Current rise and fall times are 20ns and 
10ns. For additional details on this design, see Unitrode 
Application Note U-87, a 500W, 200kHz Off-Line Power 
Supply using POWER MOSFETS. 

Improved Performance; Less Complexity 

Although power supply designers for some time now 
have had an ever widening inventory of 1C components 
available to ease their design tasks, the final measure of 
improvement has to be In terms of system performance 
versus cost. With fewer interface components to the 
power stages, freedom from potentiometer adjustments, 
protected start-up and shut-down, a built in soft-start net- 
work and several additional system-level features, the 
UC1525A provides a significant contribution to both per- 
formance and costs while simultaneously making the 
designer’s task easier. With these accomplishments, it is 
clear that this device truly does represent a step-function 
improvement, introducing a second-generation of power 
control components. 



nr" 
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a) Waveforms of ip, ig, Vg 



lOOns/div 
b) Risetime 



c) Falltime 

Figure 16. Performance waveforms for the Half-Bridge, 
500W, 100kHz Converter with output current 
ofSOA. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-14 


PRINTED IN U S A. 





APPLICATION NOTE 


U-90 


THE UC1524A INTEGRATED PWM CONTROL CIRCUIT PROVIDES 
NEW PERFORMANCE LEVELS FOR AN OLD STANDARD 


Introduction 

The application of IC technology to the switching 
power supply really began with the introduction of the 
SG1524 in 1976. This device was the first IC to 
implement all the control blocks necessary for a wide 
range of PWM power systems. Its straight-forward 
approach to the classic PWM architecture gave it 
wide acceptance, and it has become the most 
commonly used IC controller today. 

Even though the 1524 has gained great acceptance 
and engineers have praised its versatile and easy to 
understand architecture, they have many times cursed 
the simplistic, or idealistic, ways its individual blocks 
were implemented. While one would assume, at first 
glance, that all control functions necessary for most 
power supply applications are contained within the 
1524, in the real world of practical power systems, 
additional circuitry is required to interface with the rest 
of the system, to protect against different types of 


fault conditions, to adjust for inaccuracies, or to 
improve control during power sequencing. 

Although in the intervening years, many new IC control 
chips have been introduced which offer certain 
specialized advantages, it was found that design 
engineers still preferred the 1524 for its wide ver- 
satility and generalized architecture. From this 
understanding, it became apparent that a new design, 
which would improve many of the 1524’s individual 
functions by making them more predictable and easier 
to apply, while retaining the same architecture, could 
be a winner. Thus, Unitrode undertook this task. The 
result is the UC1524A. 

The UC1524A PWM Controller 

A design goal set for the UC1 524A was that it not only 
retain the same architecture but keep the same pin 
configuration as the 1524 and function equal to or 
better than the 1524 in most existing applications. In 


V,N 

OSC. 

Rt 

Ct 

COMP. 
INV. INPUT 
N.l. INPUT 

C.L (+) SENSE 
C.L (-) SENSE 



Vref 


Ca 


Ea 

Cb 

Eb 

SHUTDOWN 

GND 


FIGURE 1 — The UC1524A Block Diagram Follows the Same Architecture As the UC1524 But With Several Significant 
Differences. 
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this way, engineers who were familiar with the 1524 
could easily understand and evaluate the UC1 524A. 
Performance improvements had to be significant, 
particularly in reducing the need for discrete support 
circuitry so there would be a cost advantage in using 
the UC1524A in new designs. The block diagram of 
the UC1524A is shown in Figure 1 which, by intent, 
appears very similar to that of the older 1 524. 

The list of the improvements, however, is considerable 
and includes the following: 

1 . The 5V reference is now internally trimmed 
to ±1% accuracy, eliminating the need for 
potentiometer adjustments. 

2. The error amplifier’s input range now extends 
beyond 5V, eliminating the need for a pair of 
dividers and their attendant tolerances. 

3. A high-gain, wide-band, current sense amplifier 
has been included which is useful for either 
linear or pulse-by-pulse current limiting In the 
ground or power supply output lines. 

4. An under-voltage lockout circuit has been 
added which disables all the internal circuitry 
except the reference until the input voltage 
has risen to 8V. This holds standby current low 
until turn-on, greatly simplifying the design of 
low-power, off-line converters. There is 
approximately 600mV of hysteresis included 
for jitter-free activation. 

5. A PWM latch has been added insuring freedom 
from multiple pulsing within a period, even in 
noisy environments. In addition, the shutdown 
circuit feeds directly to this latch which will 
disable the outputs within 200ns of activation. 

6. The oscillator circuit is usable to frequencies 
beyond 500kHz and is easier to synchronize 
with an external clock pulse. 

7. The power capability of the output switches has 
been boosted by doubling the current capability 
to 200mA and increasing the voltage rating to 
60V. 

An understanding of some of these improvements Is 
necessary for ease in application and will now be 
discussed in greater detail. 

Internal Power Turn-on Circuit 

The under-voltage lockout and turn-on hysteresis cir- 
cuit is shown in Figure 2. This circuit requires approx- 
imately 2V for activation; but, since nothing else will 
turn on without at least 3V of supply voltage, lockout 
is assured. When V|n rises above 2V, R2 begins to 



FIGURE 2 — The Under-Voltage Lockout and Power 
Turn-On Circuitry within the UC1524A. 


conduct saturating Q3 and holding the base of Q5 too 
low to allow any of the current sources to conduct. 
The current through R4 flows through Q3 and R3, 
developing a 600mV drop across R3 when Vref 
reaches 5V. At this level, the only current flowing is 
that used by the reference regulator and R2 and R4, a 
total of approximately 2.5mA at turn-on threshold. 

When the input voltage reaches approximately 8V, 
diode, Zi begins to conduct turning on Q2 which turns 
off Q3 and allows the current sources to activate. Since 
the current through Q2 is much less than through Q3, 
the voltage across R3 drops, providing positive feed- 



SUPPLY VOLTAGE - V,n (V) 

FIGURE 3 —Supply Current for the UC1524A vs. Input 
Voltage. 
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FIGURE 4 — Voltage and Current Sensing Amplifiers Have a Common Output at the Input to the PWM Comparator. 


back. This gives about 600mV of hysteresis. This cir- 
cuit, of course, works in reverse at turn off, insuring 
that the outputs can only operate when the supply is 
adequate for fully predictable operation. Figure 3 
shows the relationship between quiescent current and 
input voltage. Designers should find this low current 
start-up characteristic quite advantageous for off-line, 
primary-side control with boot-strapped operation after 
turn on. 

A New Current Limit Amplifier 

Since the outputs of the current limit amplifier and the 
voltage-sensing error amplifier are summed at the 
PWM comparator input, they should be examined 
together as shown in Figure 4. 

Since the error amplifier, consisting of transistors Qi 
through Q5, must have the lowest priority in controlling 
the PWM, its output must be easily overruled by cur- 
rent faults or other programming functions, such as 
soft-start, which would hold pin 9 low. Therefore, a 
transconductance amplifier similar to that used In the 
earlier 1 524 was again applied to the 1 524A with one 
exception: it is now powered by V|n instead of Vref. 
so that the Input common-mode range extends to 
within 2V of either rail. Zener diode, Zi , is used on the 


output to keep the input level to the PWM comparator 
below 6 volts. 

The error amplifier’s output can be considered a 
1 OO/jlA current source or sink (0 - 200fxA source with 
100 )LiA constant sink). When the current limit circuit 
activates, Q© turns on and can easily pull down pin 9 
even though the error amplifier would nominally be 
calling for a high output at this point. 

The current limit circuit consists of Qe through Q-| 2- Its 
differential PNP input stage gives it a common mode 
range extending from 300mV below ground to within 
-2V of V|N. Its threshold, or offset, of 200m V is estab- 
lished by the 100/iA current source through Ri, with 
R2 added to null out the effect of any base current 
from Qs. 

This current sensing block within the UC1524A can 
actually be used either as a linear amplifier or as a 
comparator. The open loop small-signal gain is 
approximately 80dB while its transition delay with 1 0% 
overdrive is 600ns. This can be decreased substan- 
tially with additional overdrive. Use of the current 
sensing block as a comparator is usually preferred 
from a systems standpoint, since it does not have to 
be compensated and pin 9 can be dedicated solely to 
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error amplifier compensation. Under this condition, a 
current signal over the threshold level will pull pin 9 
low, terminating the output signal. Recovery is deter- 
mined by the 100/>cA pull-up current from the error 
amplifier in conjunction with any capacitance which 
may be present on pin 9. 

When the current limit circuit is used as a linear ampli- 
fier, stabilization is performed by feedback to the 
inverting input (pin 4) or by capacitance from pin 9 to 
ground as shown in Figure 5. 



FIGURE 5 — Various Compensation Options Which 
Are Possible When Both Amplifiers Are 
Operated in the Linear Mode. 


An additional feature of this circuit is its capability to 
perform as a duty-cycle limiting circuit in the configu- 
ration shown in Figure 6. If Ri is made 1 00k, there will 
be minimal effect upon the error amplifier gain. 

In current limiting, to achieve the fastest responding 
pulse-by-pulse control, consideration should be given 
to the use of the shutdown terminal on pin 10. While 
the input threshold of this circuit is not as accurately 
controlled as the current limit amplifier and -has a 
negative temperature coefficient of -2mV/°C and is 
internally ground referenced; it does feed directly into 
the PWM latch with only 200ns delay from activation 
of pin 10 to shutdown of the outputs. 



FIGURE 6 — The Fixed 200mV Threshold of the Cur- 
rent Limit Amplifier Can Be Multiplied to 
Form a Duty-Cycle Clamp or Dead-Band 
Control. 


PWM Comparator and Latch 

The PWM latch insures only a single pulse is allowed 
to reach the appropriate output stage within each 
period. The latch is reset with the oscillator clock pulse 
which also serves to blank the outputs. Thus, although 
the latch is reset at the start of, the oscillator clock 
pulse, it is the termination of the clock pulse which 
initiates output conduction. The output then stays on 
until the latch is set, either by a signal from the PWM 
comparator or from a shutdown command from pin 
1 0. Once the latch is set, it will hold the output off for 
the duration of the period. 

There are several significant advantages to this circuit. 
First, the latch completely eliminates multiple outputs 
of the PWM comparator because of noise or ringing 
on the output of the error amplifier causing multiple 
crossings of the ramp signal. Second, current limiting 
can now be performed much more rapidly without 
instability. Without a latch, significant integration is 
needed to maintain a turn-off signal after the outputs 
have turned off. Finally, any instabilities which might 
potentially be present in the voltage or current loops, 
or the shutdown signal from pin 10, will cause much 
less stress on the output stages, since only two tran- 
sitions through the high-dissipation active region can 
be made during each period. 

The performance of this portion of the UC1 524A can 
be evaluated using a triggerable pulse generator with 
a variable delay, set up as shown in Figure 7. Rj and 
Cj are selected for the desired operating frequency. 
The clock triggers the pulse generator, and the delay 
is adjusted so the generator output occurs during the 
PWM period. The output pulse width must be at least 
200ns and the amplitude higher than the threshold 
of the UC1 524A input being evaluated. Typical wave- 
form photographs are shown in Figure 8. 

Higher Power Output Switches 

With the higher current and voltage rating of the 
UC1524AS output switches, significant economies 
can now be achieved in interfacing with higher power 
devices. For low power requirements, a broader range 
of applications may now be served by the 1 524A itself 
without additional discrete output devices. Regardless 
of the power supply requirements, more current and 
voltage from the UC1524A will ease the design 
tradeoffs. Even with higher current and voltage, the 
UC1 524A offers fast response time. Each output stage 
contains an anti-saturation network to keep the output 
transistors out of hard saturation. Although this adds 
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FIGURE 7 — Evaluating the Turn-off Delays of the UC1524A with the Aid of a Triggerable Pulse Generator 
With Variable Delay. 



FIGURE 8 — Typical Turn-off Response From Both the Current Sense and Shutdown Inputs. 


somewhat to the saturation voltage, it is more than 
offset by the benefits in reducing turn-off delay. Satu- 
ration voltage as a function of current is shown in 
Figure 9. 

Since both collectors and emitters are available on 
the UC1524A’s output transistors, many different 
coupling possibilities are offered. One useful config- 


uration for enhanced turn-off is shown in Figure 10. 
The fast-rising signal appearing at the collector of the 
output transistor, Q-i, is capacitively coupled to satu- 
rate an external transistor, Q 2 , greatly reducing the 
turn-off delay of Q 3 and allowing a much larger value 
to be selected for R 3 . Many variations of this circuit 
are possible depending upon the power devices to be 
driven and the voltage levels required. 
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0 50 100 150 200 250 

OUTPUT COLLECTOR CURRENT (mA) 

FIGURES — Output Saturation Characteristics for Each 
of the UC1524A’s Outputs. 


Frequency Synchronization 

The oscillator circuit within the UC1524A, shown in 
Figure 1 1 , has been improved over that of the 1524 
with the addition of C2. Without this component, a 
synchronizing pulse externally applied to pin 3 had to 
do all the work of discharging the timing capacitor 
through Q4 and Q5. The simple addition of C2 couples 
a positive pulse from pin 3 to the base of Q10, 
momentarily reducing the threshold of comparator Qs- 
Qg and regeneratively triggering the oscillator into its 
discharge state. The circuit is now leading-edge trig- 
gered and narrow pulses can be used. This is a con- 
sideration when minimum dead time is required, since 
the outputs are blanked off as long as pin 3 is held 
high. 

As with the 1 524, synchronization to an external clock 
should be done with the RjCj time constant set 
approximately 1 0 to 20% greater than that determined 
for the required clock frequency, taking into consider- 
ation the expected tolerances of the components. For 
synchronizing multiple UC1524A devices, all Rj, Cj, 
and OSC outputterminals should be individually con- 
nected together and a single Rj and Cj used. 



FIGURE 10 — The addition of and Qg Uses the Col- 
lector Signal of the UC1524A to Generate 
an Enhanced Turn-off Command for Q 3 


When considering blanking, the pulse on pin 3 may 
be extended somewhat by the addition of a capacitor 
of up to 1 0OpF from pin 3 to ground. If narrower blank- 
ing pulses are required, adding a resistive load from 
pin 3 to ground of 1 kohm minimum will reduce the 
pulse width. 

The best way to guarantee a large dead time is still to 
use a diode to clamp the peak output from the error 
amplifier to a divider from Vref- This technique is 
quite accurate due to the accuracy of Vref and the 
1 0OpA fixed current available from the amplifier. 


A Simple Buck Regulator Circuit 

The application of Figure 1 2 demonstrates the utility 
of the UC1524A used with a Unitrode PIC600 hybrid 
switch. This combination greatly simplifies the design 
of switching regulators, since the only other active 
device required is a small-signal 2N2222 which serves 
to provide a constant drive current to the output switch, 
regardless of the Input voltage level. With the 
UC1 524A, current sensing does not have to be done 
in the ground line, but will still function when the regu- 
lator output is shorted to ground. 
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FIGURE 11 — The Oscillator Circuit of the UC1524A Allows Both High Frequency Operation and Ease of External 
Synchronization. 
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The waveforms of Figure 1 3 demonstrate the perfor- 
mance of the current limiting comparator, showing 
that from the onset of current limiting to a complete 
short circuit, the peak input current increases from 
5.2A to only 5.9A. 

A Complete DC-DC Converter with the 
UC1524A 

An important attribute of the new UC1524A family is 
the higher voltage, rating on the output transistors. 
This now makes it possible to implement a practical 


4W DC-DC converter operating from a common 28V 
bus with no additional output transistors. The sche- 
matic of Figure 14 uses a push-pull configuration 
which imposes a voltage of twice the supply across 
the “OFF” transistor. This Is now within the rating of 
the UC1 524A and, thus, with a 28:7 turns ratio in the 
transformer, a 5V, ^AA output Is achieved with 78% 
efficiency at a significant minimum parts count. 

The fast response of the current limit amplifier within 
the UC1 524A again keeps the device well protected 
as shown in the waveforms of Figure 1 5. 



A B 

Upper trace is Comp terminal (pin 9), 2 V/div 

Lower trace is input current through power switch, 0.2A/div 

Time base is 10/xsec/div. 

A = Onsetof current limiting, Ip = 5. 2A 

B = Into current limiting, Compterminal held low until inductor currentfalls below 
threshold, Ip = 5.9A 

C = Output shorted to ground. Pulse width reduced to 2/xs. Ip still 5.9A. 


FIGURE 13 — Performance Data for Figure 13’s Regulator Shows the Tight Control of Peak Current, Even Under 
Shorted Output Conditions. 
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FIGURE 14 — With Higher Output Voltage Capability, the UC1524A can Implement a Complete 4 Watt DC to DC 
Converter with no Additional Switching Transistors. 
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Circuit Under Normal Load 


Circuit at Threshold of Current Limiting 


Circuit Under Full Current Limit 


Circuit Under Short Circuit Conditions 






FIGURE 15 —Operating waveforms for the PWM DC-DC converter (Figure 14) 
Upper trace = Primary current at 0. 1 Aldivision 
Middle trace = Pin 9 voltage at 5V /division 
Lower trace = Load current at O.SAIdivision 
Time base = 5 ps/division 
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An Off-line Forward Converter 

For low to medium power applications, a single-ended 
flyback or forward converter with all the control on the 
primary side of the isolation step-down transformer is 
usually the most economical solution. However there 
are two complications with this approach. The first is 
that although the control circuitry can easily be driven 
from a low-voltage winding on the power transformer, 
starting energy must be taken from the high-voltage 
rectified line where, at 170VDC, every 10mA repre- 
sents a 1 .7W loss. The second complication is in 
obtaining adequate regulation of the output while still 
meeting isolation requirements from output back to 
the line. 

The SOW forward converter of Figure 1 6 offers inno- 
vative solutions to both these problems. In this circuit, 
the UC1 524A provides all the control with its operating 


drive power coming from winding N2. The low-current 
start-up characteristics of the UC1524A allow starting 
energy to be developed in C2 with only approximately 
8mA required through Ri. 

The problem of isolated feedback control is solved in 
this application by sampling the 5V output level at the 
switching frequency by means of the 2N2222 transis- 
tor and transformer T2. With every switching cycle, 
the output voltage Is transferred from Ni to N2 where 
it is peak detected to generate a primary-referenced 
signal to drive the PWM error amplifier. Diode D2 is 
used to temperature compensate for the loss in the 
rectifier, Di and the net result is better than 1 % regu- 
lation with the main added cost that of a very inexpen- 
sive signal transformer. 

Some of the other features of this application include 
a duty-cycle clamp on the PWM formed by diode D3 



FIGURE 16 —This SOW Off-Line Forward Converter Features Both High Efficiency and Good Regulation while Main- 
taining Input-Output isolation. 
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and the 10k - 1 .5k dividerfrom Vref. This method of 
clamping is more effective with the UC1524A since 
the UV lockout keeps the outputs off until. the refer- 
ence, error amplifier, and oscillator are all operating 
within specification. 

Drive for the UMT13005 high-voltage switch is 
accomplished by using the emitters of the UC1 524A’s 
output transistors for turn-on and the 2N2222 In con- 
junction with the 1/i-fd base capacitor to provide a 
negative base voltage for rapid turn-off as described 
in Figure 10. 

The resultant drive signal is shown in Figure 17. 
Operating at 40kHz, this regulator provides an isolated 
SOW of power with an efficiency of 83%, a high degree 
of regulation, and fast overload protection. 

Conclusion 

Although there are now many new integrated circuits 
from which to choose in attempting to build more cost- 
effective power supplies, it always helps to review 
well established ideas. In the case of the UC1524A, 
updating and improving an earlier product has resulted 
in a significant advancement: providing greater per- 
formance and versatility while reducing system costs. 



at Full Load (SOW) 


FIGURE 17 — Base Current (Upper Trace) and Collector 
Current for the UMT 1 3005 of Figure 1 6. The 
Time Base is 5fjis per Division. 
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APPLYING THE UC1840 TO PROVIDE TOTAL CONTROL 
FOR LOW COST, PRIMARY REFERENCED 
SWITCHING POWER SYSTEMS 


1 . Introduction 

There are many potential approaches to be con- 
sidered in switch mode power supply design; 
however, the contradictory requirements of 
minimum cost and compatibility with ever more 
demanding line isolation specifications make 
primary control very attractive. Application of 
the UC1 840 as a primary-side, off-line controller 
presents an extremely cost-effective approach 
to supplying isolated power from a widely vary- 
ing input line while maintaining a high degree of 
efficiency. 

Primary control means referencing all of the 
control electronics along with the power switch- 
ing device on the input line side of an isolation 
transformer. An obvious advantage to this 
approach is the simplified interface between the 


control and power switch. This eliminates many 
of the transitions across the isolation boundary 
which significantly Increase the cost of the mag- 
netics portion of the power supply’s budget. 

There are two disadvantages to primary control: 
(1) operating or at least starting, the control 
electronics from the line voltage (typically 300 
VDC), and (2) providing adequate regulation 
(which requires feedback from the secondary 
across the isolation boundary). The capability 
of the UC1840 Control IC to solve these prob- 
lems while providing all of the regulating, 
sequencing, monitoring, and protection func- 
tions referenced to the primary side, makes this 
device very attractive. 


Rt/C 

C0MP(^ 

INV. INPUT ^ 
N.l. INPUT @ 

START/UV (2)- 


RESET (5^ 


■. STOP 


OV SENSE (D 



CURRENT SENSE 


Note: Positive true logic, latch outputs high with set, reset has priority. 


FIGURE 1. THE OVERALL BLOCK DIAGRAM OF THE UC1840, AN INTEGRATED CIRCUIT OPTIMIZED FOR 
PRIMARY-SIDE CONTROL OF OFF-LINE SWITCHING POWER SUPPLIES. 
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2 . The UC1840 Controller 

The overall block diagram of the UC1840, 
shown in Figure 1, includes the following 
features: 

(1) Fixed-frequency operation set by user- 
selected components 

(2) A variable-slope ramp generator for con- 
stant volt-second operation providing 
open-loop line regulation and minimiz- 
ing, or in some cases even eliminating, 
the need for feedback control 

(3) A drive switch for low current start-up off 
the high-voltage line 

(4) A precision reference generator with 
internal over-voltage protection 

(5) Complete under-voltage, over-voltage, 
and over-current protection including 
programmable shutdown and restart 

(6) A high-current, single-ended PWM output 
optimized for fast turn-off of an external 
power switch 


(7) Logic control for pulse-commandable or 
DC power sequencing 

For an understanding of how these individual 
blocks work together in a typical, medium- 
power, flyback power supply, reference should 
be made to Figure 2 and the functional descrip- 
tion which follows. 

3. UC1840 Functional Description 

3. 1 Power Sequencing 

A simplified schematic of the UC1840’s internal 
power turn-on circuitry is shown In Figure 3. The 
key elements of this function are: (1) the Driver 
Bias Switch, Q3, which keeps the loading on the 
control voltage line, Vc, to a minimum during start 
up; (2) the Under-voltage Comparator which also 
functions as a Start Threshold Detector with pro- 
grammable hysteresis; and (3) an auxiliary, 
primary-referenced, low-voltage winding on the 
main power transformer which provides normal 
control power after turn-on. The sequence of 
events is as follows: 



FIGURE 2. A FULLY PROTECTED. ISOLATED FLYBACK POWER SUPPLY CAN BE IMPLEMENTED WITH THE 
UC1840. A HIGH-VOLTAGE POWER SWITCH. THE TRANSFORMER. AND A SMALL HANDFUL OF 
PASSIVE COMPONENTS. 
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FIGURE 3. THE UC1840’s START CIRCUITRY REQUIRES LOW STARTING CURRENT FROM THE DC INPUT 
LINE WITH NORMAL OPERATING CURRENT SUPPLIED FROM A LOW-VOLTAGE FEEDBACK 
WINDING ON THE POWER TRANSFORMER. 


( 1 ) 


( 2 ) 


While the control voltage, Vc, is low 
enough so that the voltage on pin 2 is less 
than 3V, the Start/UV Comparator does 
the following: 

(a) A 200ijA hysteresis current is flowing 
into pin 2 through Q1 causing an 
added drop across R2. 

(b) The drive switch is holding the Driver 
Bias transistor, Q3, OFF. This 
insures that the only current required 
through R1 is the start-up current of 
the UC1840, plus external dividers 
(R2, R3, Rs, etc.). 

(c) The Slow Turn-on transistor, Q2, is 
ON, holding pin 8 and Cs low. 

(d) The Start Latch keeps the under- 
voltage signal from being defined as 
a fault. 

The start level is defined by: 


Vc (start) = 3 



+ 0.2 R2. 


When Vc rises to this level, the Start/UV 


Comparator then does the following: 

(a) Turns off 01, eliminating the 200/iA 
hysteresis current. This allows the 
voltage on Vc to drop before reach- 
ing the under-voltage fault level 
defined by: 

Vc (U.V. fault) = 3 


( b) Sets the Start Latch to monitor for an 
under-voltage fault. 

(c) Activates 03 providing Driver Bias to 
the power switch, pulling the added 
current out of Cin. 

(d) Turns off 02 allowing for pro- 
grammed slow turn-on defined by Rs 
and Cs. 

(3) A normal start-up occurs with the control 
voltage, Vc, following the path shown in 
Figure 4. If the power supply does not start, 
Vc will fall to an under-voltage fault which 
will then either initiate a restart attempt or 
hold the power switch off, depending upon 
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the status of the Reset terminal as defined 
under Fault Sequencing (Para. 3.4.2). If 
start-up does not occur because of some 
fault in the Driver Bias line, Vc will continue 
to rise until the 40V zener across the refer- 
ence circuit conducts. This will then clamp 
Vc to that level, protecting the control chip. 

After start-up occurs, current will continue to flow 

in R1 providing a power loss of: 



FIGURE 4. UNDER A NORMAL TURN-ON, THE SUPPLY 
VOLTAGE TO THE UC1840, Vc, WOULD RISE 
LIGHTLY LOADED TO THE START LEVEL, FALL 
UNDER THE TURN-ON LOAD, AND THEN 
REGULATE AT SOME INTERMEDIATE LEVEL. 

If this loss is objectionable, it can be reduced more 
than an order of magnitude by the addition of a 
two-transistor switch shown in Figure 5. In this 
circuit, Q1 is initially driven on by current through 
R2. When the feedback winding starts to conduct 
through D1 , however, Q2 turns on leaving only R2 
conducting from the input line. 



FIGURE 5. THE ADDITION OF 01 AND 02 CAN ELIMINATE 
THE STEADY-STATE CURRENT THROUGH R1 
AFTER TURN-ON. 02 IS SELECTED TO PASS ALL 
CONTROL CURRENT THROUGH ITS BASE- 
EMITTER JUNCTION. 


3.2 Slow Turn-on Circuit 
The PWM comparator input connected to pin 8 
accommodates several programming functions, 
shown in Figure 6. Since this comparator will only 
follow the lowest positive input, holding pin 8 low 
will effectively eliminate a PWM signal, regardless 
of the status of the Error Amplifier output. Prior to 
turn-on, and at all times when a fault has been 
sensed, Q1 is ON, holding pin 8 low. 



I 


FIGURE 6. PIN 8 ON THE UC1840 CAN BE USED FOR BOTH 
. SLOW TURN-ON AND DUTY-CYCLE LIMITING AS 
WELL AS A PWM SHUTDOWN PORT. 

When Q1 turns off, allowing pin 8 to rise with a 
controlled rate will cause the output pulses to 
increase from zero to nominal widths at the same 
rate. This is accomplished by the addition of Cs 
and a charging source, such as Rs, to the 5V 
reference. 

Note that where starting energy is stored in an 
input capacitor, the time for PWM turn-on must be 
less than the time required for the added Driver 
Bias load current to discharge the input capacitor 
to the under-voltage fault level. In other words, 
referring back to Figure 4, the slow turn-on must 
be faster than the time required for Vc to fall from 
level B to level E. 

Another function of pin 8 is to establish a maxi- 
mum duty cycle limit. This is achieved by clamping 
the voltage on pin 8 with a divider formed by 
adding Rdc to ground. If Rs is taken to the 5V 
reference, the clamp voltage will be fixed, which is 
desirable if the ramp slope Is also fixed. If the ramp 
slope Is varied with the input line— for constant 
volt-second operation— then the clamp voltage on 
pin 8 must also vary. This is readily accomplished 
by connecting Rs to the DC input line. The divider 
voltage: / v 
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FIGURE 7 THE PULSE-WIDTH MODULATOR WITHIN THE UC1840 SEPARATES THE RAMP FUNCTION 
FROM THE FIXED-FREQUENCY OSCILLATOR. 


should be equal to the ramp voltage level that 
yields the desired maximum duty cycle, at the 
same DC input level. 

3.3 PWM Control 

Pulse-Width Modulation within the UC1840 con- 
sists of the blocks shown In Figure 7. This architec- 
ture, with the possible exception of the separation 
between the time-base and ramp functions. Is 
fairly conventional. It is described in greater detail 
in the paragraphs which follow. 

3.3.1 Oscillator 

A constant clock frequency is established by con- 
necting Rt from pin 9 to the 5V reference and Ct 
from pin 9 to ground. The frequency is approxi- 
mated by: 


Rt Ct 

where the value of Rt can range from 1 kO to 1 0OkO 
and Ct from 300pF to 0.1/iF. The best temperature 
coefficients occur with Ct in the range of 1000 to 
3000pF. Although the clock output pulse is not 
available external to the UC1840, synchronization 
to an external clock can still be accomplished with 
the circuit of Figure 8, where R1 and Cl are 
selected to provide a 0.5V, 200ns pulse across the 
510 resistor, and Rt and Ct define a frequency 
slightly lower than the synchronizing source. 


POSITIVE 

CLOCK 



FIGURE 8. SYNCHRONIZATION TO AN EXTERNAL TIME 
BASE CAN BE ACCOMPLISHED BY ADDING A 
510 RESISTOR IN SERIES WITH CT. 


To achieve minimum start-up current, the oscilla- 
tor is not activated until the input voltage is high 
enough to give a start command to the drive 
switch. 

3.3.2. Ramp Generator 

The ramp generator function of the UC1840 is 
shown in simplified form in Figure 9. 
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FIGURE 10. THE OUTPUT OF THE ERROR AMPLIFIER 


FIGURE 9. CURRENT MIRRORS Q1-Q4 ARE USED TO MAKE OPERATES CLASS A TO 300^A, BUT CAN 

THE RAMP CHARGING CURRENT i2, LINEARLY SOURCE AND SINK MORE THAN 1 mA FOR FAST 

PROPORTIONAL TO THE DC-INPUT LINE RESPONSE 


The NPN and PNP current mirrors provide a charg- 
ing current to Cr of: 

Vline-0.7V Vline 

Rr Rr 

The current mirrors are useful over a current range 
of 1/iA to 1mA, but optimum tracking occurs 
between 30/jA and 300/iA. Since the voltage across 
Q1 is very small, i2 accurately represents the input 
line voltage. The ramp slope, therefore, is: 

dv Vline 
dt “ RrCr 

The peak voltage across Cr is clamped to approxi- 
mately 4.2V while the valley, or low voltage, is 
determined by the on-voltage of the discharge net- 
work, D1 and Q5. This is typically 0.7V. 

If line sensing is not required, Rr should be con- 
nected to the 5V reference for constant ramp 
slope. 

3.3.3 Error Amplifier 

This is a voltage-mode operational amplifier with 
an uncommitted NPN differential input stage and 
an output configuration as shown In Figure 10. 

The IkO output resistor, Ro, is used both for short 
circuit protection and to limit the peak output vol- 
tage to less than 4.0V so it cannot rise above the 
clamped ramp waveform. At sink currents less 
than 300/iA, the low output level will be within 
200mV of ground but it rises to 1 V at higher current 
levels. 

The input common mode range is from IV to 
within 2V of the input supply voltage, Vin, and thus 
either input can be connected directly to the 5V 
reference. 


The small signal, open-loop gain characteristics 
are shown in Figure 1 1 . The amplifier is unity-gain 
stable and has a maximum slew rate of just under 
1V//iS. 

3.3.4 PWM Comparator and Latch 
This comparator (see Figure 7) generates the out- 
put pulse which starts at the termination of the 
clock pulse and ends when the ramp waveform 
crosses the lowest of the three positive inputs. The 
clock forms a blanking pulse which keeps the max- 
imum duty cycle less than 100%. The PWM latch 
insures there will be only one pulse per period and 
eliminates oscillation at comparator cross-over. 



100 Ik 10k 100k 1m 


FREQUENCY - HERTZ 

FIGURE 11. THE UC1840 ERROR AMPLIFIER HAS A DC GAIN 
OF 67 db, A 2 MEGAHERTZ BANDWIDTH. AND 
PHASE MARGIN OF APPROXIMATELY 45“ 
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3.3.5 PWM Output Stage 

In addition to the PWM output signal on pin 1 2, the 
UC1840 also includes an output gating, or arming 
function as Driver Bias on pin 14. Both functions 
should be considered together in interfacing to the 
external high-voltage power switch. These are 
illustrated in simplified form in Figure 12. 

At very low input voltages (Vin < 3V), both Q2 and 
Q4 are OFF. This may necessitate the use of R2, 
but its value can be high since it does not have to 
turn the output switch off. It merely holds.it in the 
off state during the early portion of start-up. 

Between Vin = 3V and the start threshold (pin 2 = 
3V with hysteresis on), Q2 is OFF and 04 is ON, 
clamping the power switch off with a low Impe- 
dance. A start command (UV high) turns on 02, 
applying (Vin - 2V) to R1. This provides a source 
for power switch activation; however, since 04 Is 
still conducting, the current through R1 is shunted 
to ground and the power switch remains held off. 

At the same time 02 turns on, the clamping transis- 
tor at the slow-start terminal, pin 8, turns off allow- 
ing the voltage on pin 8 to rise according to the 
external slow-start time constant described earlier. 
This allows PWM pulses to begin to activate 04— 
narrow at first and widening to the point where the 
error amplifier takes command. 

The interface between the UC1840 and the pri- 
mary power switch may be implemented in several 


different ways to meet varying system require- 
ments. One obvious application is when the use of 
a bipolar transistor switch requires more drive cur- 
rent than the Driver Bias output can provide. Fig- 
ure 13 shows a more typical bipolar drive scheme 
where Q5 has been added to boost the turn-on 
current with the UC1840 still providing the high- 
speed turn-off. The circuit now serves as a more 
efficient “totem-pole” driver since 05 turns off 
when 04 conducts. It also illustrates the use of a 
Baker Clamp to minimize storage time in Q6 and 
the capacitors for rapid turn-on and high-current 
pulse turn-off. 



FIGURE 13. ADDING 05 AS A SWITCHED. DRIVE-BOOST 
TRANSISTOR PROVIDES ADDED BASE DRIVE 
FOR 06 WHILE REDUCING THE STEADY-STATE 
CURRENT THROUGH BOTH 02 AND 04. 


UC1840 I 



MOSFET 



FIGURE 12. INTERFACING THE UC1840 PWM OUTPUT STAGE TO EITHER BIPOLAR OR POWER MOSFET 
SWITCHES. 
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Another application is the two-transistor, off-line, 
fonA/ard converter topology shown in Figure 14. 
This circuit uses proportional base drive where the 
UC1 840 need only supply a short, turn-off current 
pulse with -transformer regeneration through T1 
providing the steady-state drive. The magnetizing 
current is controlled by R1, with Q5 added to 
rapidly recharge Cl from which the turn-off cur- 
rent is supplied. 



FIGURE 14. INTERFACING THE UC1840 SINGLE PWM 

OUTPUT TO A TWO-TRANSISTOR OFF-LINE 
FORWARD CONVERTER WHICH USES 
PROPORTIONAL BASE DRIVE. 

3.4 Fault Protection 

A' significant benefit in using the UC1840 is the 
multi-faceted fault-sensing and programming 
capability built into the device. With the intent to 
provide complete control to the power system 
under all types of potential malfunctions, fault- 
sensing circuitry has been included to sense over- 
voltage, under-voltage, or over-current conditions. 
Additionally, high-speed, pulse-by-pulse digital 
current limiting Is included as a separate function. 
The operation of these circuits is described below. 

3.4.1 Current Limiting 

The current limit comparators have differential 
inputs for noise rejection but are intended to be 
used with ground-referenced current sensing as in 
Figure 15. Comparator A1 is delegated to pulse- 
by-pulse current limiting. The output of this com- 
parator drives the PWM comparator, where it 
activates the PWM latch, terminating each pulse 
when the current sensed by Rsc reaches a thresh- 
old defined by divider R1 , R2, and the 5V reference. 
Since Vc Is intended to track the supply’s output 
voltage, the addition of a resistor from pin 6 to Vc 
will provide some foldback to the current limit 
characteristic. Since comparator A1 has zero offset 


SvREF 



FIGURE 15. CURRENT LIMITING AND OVERCURRENT 
SHUTDOWN ARE IMPLEMENTED WITH 
COMPARATORS OF DIFFERENT THRESHOLDS 
AND A SINGLE CURRENT SENSE RESISTOR. 

voltage, it is activated when the voltage across Rsc 
equals that across R2. Comparator A2, with an 
offset voltage of 4(X)mV, will activate for over- 
current shutdown when the voltage across Rsc 
rises to 400mV higher than the voltage across R2. 
Since the input bias to both comparators is less 
than 5//A, a low-pass filter for noise rejection may 
be inserted between Rsc and the sense inputs. 
Activation of comparator A2 is defined as an over- 
current fault and it triggers the Error Latch. Its 
operation follows. 

3.4.2 Fault Sequencing 

The fault sequencing logic of the UC1840 is shown 
in Figure .1 6. Since a fault is defined by this device 
as an activation of the Error Latch, it makes sense 
to start here In an attempt to understand this por- 
tion of the circuitry. Setting the Error Latch imme- 
diately turns on Q1 and Q2, discharging the 
slow-start capacitor and terminating the PWM out- 
put. Note that there is an additional path from the 
Inverted output of the Start/UV comparator 
through OR2 which keeps pin 8 low. This is to keep 
the slow-start low during initial turn-on which Is 
not intended to be classified as a fault. 

The input to the Error Latch is from OR1 which 
triggers on signals resulting from four possible 
events: 

(1) A voltage less than 3V (after prior turn-on) 
at the Start/UV sense terminal, pin 2 

(2) A voltage greater than 3V at the Over- 
Voltage Sense terminal, pin 3 

(3) A voltage of less than 3V on the Ext. Stop 
terminal, pin 4 

(4) An over-current signal resulting in a differ- 
ential voltage between pins 7 and 6 of 
greater than 400m V 
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FIGURE 16. FAULT SEQUENCE LOGIC IS DESIGNED TO INSURE A COMPLETE SHUTDOWN AND FULLY 
CONTROLLED RESTART UPON ANY OF FOUR POSSIBLE FAULT CONDITIONS. 


Any of these inputs need only be momentary to set 
the Error Latch. Transient protection may be 
necessary to eliminate false triggering, but it can 
be readily accomplished as all the comparator 
inputs are high impedances requiring less than 
2/iA of input current, and the 3.0V reference yields 
a high noise immunity. 

The Start Latch can be understood by recognizing 
that at initial turn-on It is reset with a low output. 
This prevents AND2 from transmitting a UV fault 
signal from the Start/UV non-inverting output to 
the Error Latch. At the start voltage level, defined 
by a high level on the Start/UV non-inverting 
ouput, the Start Latch sets but AND2 still provides 
no output. Only when the Start/UV input goes low 
again, with the Start Latch output held high, will 
AND2 yield an output into the Error Latch. 

The status of the Reset terminal, pin 5, determines 
what happens after the Error Latch is set. The 
choices are: 

(1) Latch off and require a recycle of input vol- 
tage to restart 

(2) Continuously attempt to restart 

(3) Attempt some number of restarts and then 
latch off 

(4) Latch off and await a momentary reset 
pulse to restart 

To examine the operation of the Reset Latch - note 
that prior to setting the Error Latch, its low output 
is inverted to hold the reset input to the Reset Latch 
high. This forces the Reset Latch’s oupijt low, 
regardless of the voltage on pin 5, and, thus, 
insures no signal out of AND1. With the setting of 


the Error Latch, the Reset Latch is free to take the 
state commanded by pin 5: high if pin 5 is low and 
vice-versa. The latch allows merely a pulse to set 
the Reset Latch; the voltage on pin 5 need not be 
steady state. 

With a high Reset Latch output, the Error Latch still 
does not reset until a low signal is sensed on the 
Start/UV sense terminal. At that point, AND1 then 
resets both the Error Latch and the Start Latch, re- 
establishing the initial conditions for a normal start 
after fully charging the input capacitor. Of course, 
if the fault is still present, when the Start/UV input 
reaches the start level terminating the Error Latch 
reset signal, this latch will immediately set again. 

To aid in the understanding of this logic. Figure 17 
gives a pictorial representation of its operation 
with both steady-state and momentary signals on 
both the Ext. Stop and Reset terminals. 

If Driver Bias turn-on is used to pump an increment 
of charge into an integrating capacitor, and that 
capacitor voltage is applied to the Reset Terminal, 
some number of retrys could be programmed to 
take place before the Reset voltage rises to 3V, 
which would then lock the output OFF. Since 
Driver Bias continues to cycle In the latched-off 
state, the Reset terminal will remain high until it is 
either remotely pulled low or the input voltage to 
the controller is interrupted. 

Note that an important element in any restart after 
a shutdown is the lowering of the voltage at the 
Start/UV terminal below its UV threshold. While 
this will occur normally in bootstrap-driven appli- 
cations, this device can also be used with a con- 
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stant driving voltage by externally applying a 
momentary pull-down signal to the Start/UV input 
after a fault shutdown. 

4. Conclusion 

With the UC1840, power supply designers now 
have a device specifically developed for off-line, 
primary control and one which has addressed the 
problems of operation under less than “ideal” or 
normal conditions. Not only does this device make 
it easier to comply with stringent isolation require- 
ments by requiring a minimum of communication 
between primary and secondary, but It is also 
ideally suited for powering systems in remote loca- 
tions where only a simple transmitted pulse is 
available for power sequencing. 





NOTE 1: VC REPRESENTS AN ANALOG OF THE SUPPLY OUTPUT VOLTAGE 
GENERATED BY A PRIMARY-REFERENCED SECONDARY WINDING 
ON THE POWER TRANSFORMER. IT IS THE VOLTAGE MONITORED 
BY THE START/UV COMPARATOR AND, IJ^ MOST CASES, IS THE 
SUPPLY VOLTAGE, Vin, FOR THE UC1840. 


TIME EVENT 

A INITIAL TURN-ON. Vc RISES WITH LIGHT LOAD. 

B START THRESHOLD. DRIVER BIAS LOADS Vc. 

C OPERATING PWM REGULATES Vc. 

D STOP INPUT SETS. ERROR LATCH TURNING OFF PWM. 

E UV LOW THRESHOLD. ERROR LATCH REMAINS SET. 

F START TURNS ON DRIVER BIAS BUT ERROR LATCH STILL SET. 

G Vc AND DRIVER BIAS CONTINUE TO CYCLE. 

H 

I STOP COMMAND REMOVED. 

J ERROR LATCH RESET AT UV LOW THRESHOLD. 

K START THRESHOLD NOW REMOVES SLOW-START CLAMP 

L RETURN TO NORMAL RUN STATE. 

M RESET LATCH SET SIGNAL REMOVED. 

N ERROR LATCH SET WITH MOMENTARY FAULT. 

O ERROR LATCH DOES NOT RESET AS RESET LATCH IS RESET. 

P Vc AND DRIVER BIAS RECYCLE WITH NO TURN-ON. 

Q 

R RESET LATCH IS SET WITH MOMENTARY RESET SIGNAL. 

S Vc MUST COMPLETE CYCLE TO TURN ON. 

T START AND ERROR LATCHES RESET 

U NORMAL START INITIATED. 

V RETURN TO NORMAL RUN STATE. 


FIGURE 17. THE INTERRELATIONSHIP BETWEEN THE 
FUNCTIONS CONTROLLED BY THE FAULT 
SEQUENCE LOGIC IS ILLUSTRATED WITH BOTH 
STATIC AND PULSE COMMANDS ON THE EXT. 
STOP AND RESET TERMINALS. 
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A NEW INTEGRATED CIRCUIT FOR 
CURRENT-MODE CONTROL 


Abstract 

The inherent advantages of current- mode control over conventional PWM approaches to switching power 
converters read like a wish list from a frustrated power supply design engineer. Features such as automatic feed 
forward, automatic symmetry correction, inherent current limiting, simple loop compensation, enhanced load 
response, and the capability for parallel operation all are characteristics of current-mode conversion. This paper 
introduces the first control Integrated circuit specifically designed for this topology, defines its operation and 
describes practical examples illustrating its use and benefits. 


1 .0 Introduction 

Over the past several years an increased interest in 
current-mode control of switching inverters has 
surfaced in the literature. Originally invented in the 
late 1 960s, this scheme was not publicly reported 
until 1977‘^’ and has seen rapid development by 
many authors to date.‘^“®’ In short, current-mode 
control uses an inner or secondary loop to directly 
control peak inductor current with the error signal 
rather than controlling duty ratio of the pulse width 
modulator as in conventional converters. Practi- 
cally, this means that instead of comparing the error 
voltage to a voltage ramp, it is compared to an 
analogue of the inductor current forcing the peak 
current to follow the error voltage. 



CLOCK 1 1 .— 1 . 1 

lyi/LTL 

OUTPUT -TUrLTL 

FIGURE 1. A FIXED FREQUENCY CURRENT-MODE CONTROLLED 
REGULATOR. 


Figure 1 illustrates a simplified block diagram of a 
fixed frequency buck regulator employing current- 
mode control. As shown, the error signal, Ve, is 
controlling peak switch current which, to a good 
approximation, is proportional to average inductor 
current. Since the average inductor current can 
change only if the error signal changes, the inductor 
may be replaced by a current source, and the order 
of the system reduced by one. This results in a 
number of performance advantages including 
improved transient response, a simpler, more easily 
designed control loop, and line regulation compara- 
ble to conventional feed-forward schemes. Peak 
current sensing will automatically provide flux 
balancing thereby eliminating the need for complex 
balance schemes in push-pull systems. Addition- 
ally, by simply limiting the peak swing of the error 
voltage Ve, instantaneous peak current limiting is 
accomplished. Lastly, by feeding identical power 
stages with a common error signal, outputs may be 
paralleled while maintaining equal current sharing. 

Although the advantages of current-mode control 
are abundant, wide acceptance of this technique 
has been hampered by a lack of suitable integrated 
circuits to perform the associated control functions. 
This paper introduces a new integrated circuit 
designed specifically for control of current-mode 
converters. Circuit function and features are des- 
cribed in detail, and a comparative design example 
is used to illustrate the numerous advantages of this 
approach. 

2.0 UC1 846 Chip Architecture 

In addition to all the functions required of conven- 
tional PWM controllers, a current-mode controller 
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FIGURE 2. UC1 846 BLOCK DIAGRAM 


must be able to sense switch or inductor current 
and compare it on a pulse-by-pulse basis with the 
output of the error amplifier. As may be seen in the 
block diagram of Figure 2, this is accomplished in 
the UC1846 by using a differential current sense 
amplifier with a fixed gain of 3. The amplifier allows 
sensing of low level voltages while maintaining high 
noise immunity. A list of other features, while not 
unique to current-mode conversion, demonstrates 
the advanced, state-of-the-art architecture of the 
UC1846: 

• A ± 1%, 5.1V trimmed bandgap reference used 
both as an external voltage reference and inter- 
nal regulated power source to drive low level 
circuitry. 

• A fixed frequency sawtooth oscillator with varia- 
ble deadtime control and external synchroniza- 
tion capability. Circuitry features an all NPN 
design capable of producing low distortion 
waveforms well in excess of 1 MHz . 

• An error amplifier with common mode range from 
ground to Vcc-2V. 

• Current limiting through clamping of the error 
signal at a user-programmed level. 

• A shutdown function with built in 350mV thresh- 
old. May be used in either a latching, or non- 
latching mode. Also capable of initiating a 
“hiccup” mode of operation. 


• U nder-voltage lockout with hysteresis to guaran- 
tee outputs will stay “off” until reference is in 
regulation. 

• Double pulse suppression logic to eliminate the 
possibility of consecutively pulsing either output. 

• Totem pole output stages capable of sinking or 
sourcing 100mA continuous, 400mA peak 
currents. 

These various features, along with their interrela- 
tionships and applications to switched-mode regu- 
lators, will be further discussed in the following 
sections. 

3.0 UC1846 Functional Description 

3.1 Current Sense Amplifier 
The current sense amplifier may be used in a var- 
iety of ways to sense peak switch current for com- 
parison with an error voltage. Referring to Figure 2, 
maximum swing on the inverting input of the PWM 
comparator is limited to approximately 3.5V by the 
internal regulated supply. Accordingly, for a fixed 
gain of 3, maximum differential voltages must be 
kept below 1 .2V at the current sense inputs. Figure 3 
depicts several methods of configuring sense 
schemes. Direct resistive sensing is simplest, how- 
ever, a lower peak voltage may be required to min- 
imize power loss in the sense resistor. T ransformer 
coupling can provide isolation and increase effi- 
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ciency at the cost of added complexity. Regardless 
of scheme, the largest sense voltage consistent 
with low power losses should be chosen for noise 
immunity. Typically, this will range from several 
hundred millivolts in some resistive sense circuits to 
the maximum of 1.2V in transformer coupled 
circuits. 




A.) RESISTIVE SENSING WITH GROUND REFERENCE 


OUTPUT I mm '^SENSE 



CURRENT 



FIGURE 3. VARIOUS CURRENT SENSE SCHEMES 

In addition, caution should be exercised when using 
a configuration that senses switch current (Figure 
3A) instead of inductor current (Figure 3B). As the 
switch is turned on, a large instantaneous current 
spike can be generated in the sense resistor as the 
collector capacitance of the switch is discharged. 
This spike will often be of sufficient magnitude and 
duration to trip the current sense latch and result in 
erratic operation of the PWM circuit, particularly at 
lower duty cycles. A small RC filter (Figure 4) in 


series with the input is generally all that is required 
to reduce the spike to an acceptable level. 



FIGURE 4. RC FILTER FOR REDUCING SWITCH TRANSIENTS 

3.2 Oscillator 

Although many data sheets tout 300 to 500kHz 
operation, virtually all PWM control chips sufferfrom 
both poor temperature characteristics and wave- 
form distortions at these frequencies. Practical 
usage is generally limited to the 100 to 200kHz 
range. This is a direct consequence of having slow 
(ft = 2MHz) PNP transistors in the oscillator signal 
path. By implementing the oscillator using all NPN 
transistors, the UC1 846 achieves excellent temper- 
ature stabillity and waveform clarity at frequencies 
in excess of 1MHz. 



SYNC n n n 

(PIN 10) ' ' ' ' ' 

—1 l-»— OUTPUT DEADTIME (ra) 


FIGURE 5. OSCILLATOR CIRCUIT 

Referring to Figure 5, an external resistor Rt is used 
to generate a constant current into a capacitor Ct to 
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produce a linear sawtooth waveform. Oscillator fre- 
quency may be approximated by selecting Rt and 
Ct such that: 

2.2 

fosc ~ 

RtCt (1) 

Where Rt can range from 1 K to 500K and Ct is 
above 100pF. For quick reference a plot of fre- 
quency versus Rt and Cf is given in Figure 6. 



FIGURE 6. OSCILLATOR FREQUENCY AS A FUNCTION OF 
Rt and Ct 


Again referring to Figure 5, the oscillator generates 
an internal clock pulse used, among other things, to 
blank both outputs and prevent simultaneous cross 
conduction during switching transitions. This output 
“deadtime” is controlled by the oscillator fall time. 
Fall time, in turn, is controlled by Ct according to the 
formula: 

r 12 1 

rd = 145CT 

12- 3.6/RT(kQ)J (2) 

For large values of Rt: 

7d = 145CT (3) 





Hi 

MB 


IS 


n 


SHI 

HBHI 


0.1 1.0 10 100 


OUTPUT DEAD TIME,' - MICROSECONDS 

FIGURE 7. OUTPUT DEADTIME AS A FUNCTION OF TIMING 
CAPACITOR Ct 


A plot of output deadtime versus Ct for two values of 
Rt is given in Figure 7. 

Although timing capacitors as small as lOOpF can 
be used successfully in low noise environments, it is 
generally recommended that Ct be kept above 
lOOOpF to minimize noise effects on the oscillator 
frequency (see Section 4.0). 

Synchronization of one or more devices to either an 
external time base or another UC1846 is accomp- 
lished via the bi-directional SYNC pin. To synchron- 
ize devices, first, Ct must be grounded to disable the 
internal oscillator on all slaved devices. Second, an 
external synchronization pulse must be applied to 
the SYNC terminal. This pulse can come directly 
from the SYNC terminal of a master UC1 846 or, 
alternatively, from an external time base as shown 
in Figure 8. 



-J Lov 


FIGURE 8. SYNCHRONIZING THE 1846 TO AN EXTERNAL 
TIME BASE 

3.3 Current Limit 

Cne of the most attractive features of a current- 
mode converter is its ability to limit peak switch 
currents on a pulse-by-pulse basis by simply limit- 
ing the error voltage to a maximum value. Referring 
to Figure 9, peak current limiting in the UC1846 is 
accomplished using a divider network, Ri and R 2 , to 
set a pre-determined voltage at pin 1 . 



FIGURE 9. PEAK CURRENT LIMIT SET UP 
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This voltage, in conjunction with Qi, acts to clamp 
the output of the error amplifier at a maximum value. 
Since the base emitter drop of Qi and the forward 
drop of diode Di very nearly cancel, the negative 
input of the comparator will be clamped atthe value 
VpiN 1 -0.5V. Following this through to the input of 
the current sense amplifier yields: 

, , VpiN 1 “0.5 


Where Vcs is the differential input voltage of the 
current sense amplifier. Using this relationship, a 
value for maximum switch current in terms of exter- 
nal programming resistors can be derived, resulting 
in: 

R2 (Vref) - 0.5 
Ri + R2 

~ 3Rs (5) 

While still on the subject of resistor selection, it 
should be pointed out that Ri also supplies holding 
current for the shutdown circuit, and therefore 
should be selected prior to selecting R2 as outlined 
in the next section. 


One last word on the current limit circuit. As may be 
seen from equation 5, any signal less than 0.5V at 
the current limit input will guarantee both outputs to 
be off, making pin .1 a convenient point for both 
shutting down and slow starting the PWM circuit. 
For example, both the under-voltage lockout and 
shutdown functions are connected internally to this 
point. If a capacitor is used to hold pin 1 low (Figure 
1 0) then as the input voltage increases above the 
under-voltage lockout level, the capacitor will 
charge and gradually increase the PWM duty cycle 
to its operating point. In a similar manner if the 
shutdown amplifier is pulsed, the shutdown SCR will 
be fired and the capacitor discharged, guarantee- 
ing a shutdown and soft restart cycle independent 
of input pulse width. 



FIGURE 10. USING UNDER-VOLTAGE LOCKOUT AND SHUTDOWN 
TO INITIATE A SLOW START. 


3.4 Shutdown 

The shutdown circuit, shown in Figure 11, was 
designed to provide a fast acting general purpose 
shutdown port for use in implementing both protec- 
tion circuitry and remote shutdown functions. The 
circuit may be divided into an input section consist- 
ing of a comparator with a 350mV temperature 
compensated offset, and an output section consist- 
ing of a three transistor latch. Shutdown is accomp- 
lished by applying a signal greater than 350mV to 
pin 1 6, causing the output latch to fire, and setting 
the PWM latch to provide an immediate signal to the 
outputs. At this point, several things can happen. Qi 
requires a minimum holding current, Ih, of approxi- 
mately 1 .5mA to remain in the latched state. There- 
fore, if Ri is chosen greater than 5kQ, Qi will 
discharge any capacitance, Cs, on pin 1 to ground 
and commutate the output latch, allowing Cs to 
recharge. If Ri is chosen less than 2.5kQ, Qi will 
discharge Cs and remain in the latched state until 
power is externally cycled off. In either case, Cs is 
required only if a soft-start or soft-restart function is 
desired. 



For example, the shutdown circuit of Figure 12, 
operating in a nonlatched mode, will protect the 
supply from overcurrent fault conditions. Many 
times, if the output of a supply is shorted, circulating 
currents in the output inductor will build to danger- 
ous levels. Pulse-by-pulse current limiting with its 
inherent time delay, will in general not be able to 
limit these currents to acceptable levels. Figure 1 2 
details a circuit which will provide shutdown and 
soft-restart if the overcurrent threshold set by R3 
and R4 is exceeded. This level should be greater 
than the peak current limit value determined by Ri 
and R2 (see equation 5). Sometimes called a “hic- 
cup mode", this overcurrent function will limit both 
power and peak current in the output stages until 
the fault is removed. 
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FIGURE 12. OVER CURRENT SENSING WITH THE SHUTDOWN 

CIRCUIT PRODUCES A SHUTDOWN - SOFT RESTART 
CYCLE TO PROTECT OUTPUT DRIVERS 


4.0 Noise Immunity 

As in all PWM circuits, some simple precautions 
should be observed to pr event switching noise from 
prematurely triggering the oscillator as it 
approaches its upper threshold. This is most evi- 
dent when large capacitive loads — such as the 
gates of power FETS — are directly driven from 
outputs A and B. As the duty cycle approaches 
1 00%, the current spike associated with this output 
capacitance can cause the oscillator to prema- 
turely trigger with a resulting shift upward in fre- 
quency. By separating high current ground paths 
from low level analog grounds, using Ct values 
greater than lOOOpF grounded directly to pin 12, 
and decoupling both Vin and Vref with good quality 
bypass capacitors, noise problems can be avoided. 

5.0 Comparative Design Example 

To more vividly illustrate the advantages of current- 
mode control, a relatively simple push-pull forward 
converter was designed using two interchangeable 
control sections, as shown in Figure 1 3. The control 
modules consist of (a) a UC1846 current-mode 
controller with associated circuitry, and (b) a con- 
ventional UC1 525A PWM controller with its support 
circuitry, Loop compensation of the UC1525A was 
implemented by placing a zero in the feedback loop 
to cancel one of the poles in the output stage, 
resulting in a unity gain bandwidth of approximately 
3kHz — a commonly used technique. Compensat- 
ing the current-mode converter requires somewhat 
of a different approach. Since the output stage con- 
tains only a single pole, in theory closing the loop 
will produce a stable system with no additional 
compensation. In practice, however, it has been 
shown that subharmonic oscillation will result from 
excess gain at half the switching frequency*®’. 
Therefore, a pole-zero combination has been 


placed in the feedback loop to reduce high fre- 
quency gain and allow the output capacitor (low 
ESR) to roll off loop gain to OdB at 3kHz. 

While not demonstrated in Figure 13, fixed fre- 
quency current-mode converters are known to be 
unstable above 50% duty cycle without Some form 
of slope compensation*"*”®’. By injecting a small cur- 
rent from the sawtooth oscillator into the positive 
terminal of the current sense amplifier, slope com- 
pensation is accomplished, and the converter can 
be operated in excess of 50% duty cycle. An alter- 
nate, but just as effective, scheme would be to inject 
the signal into the negative terminal of the error 
amplifier. 

As may be seen, a similar parts count for both 
supplies was encountered. Topologically, using the 
UC1 525A shutdown terminal provided only a crude 
current limit in contrast to the UC1846. Further- 
more, internal double pulse suppression circuitry of 
the UC1 846 gave an added level of protection 
against core saturation — important if your regula- 
tor is prone to subharmonic oscillations. Since both 
regulators were over-designed to withstand a short 
circuit on the output with resultant high peak cur- 
rents, the shutdown-restart mode of the UC1 846 
was not used. 

It should be pointed out at this time that one of the 
main features of a current-mode converter of this 
type is its ability to be paralleled with similar units. 
By disabling the oscillator and error amplifiers (Ct 
grounded, +E/A to Vref, -E/A grounded) of one or 
more slave modules, and connecting SYNC and 
COMP pins of the slave(s) respectively, the outputs 
may be connected together to provide a modular 
approach to power supply design. 

Starting with Figure 14, a comparison of line and 
load step responses is made between the two con- 
verters. As a result of the feed-forward effect of the 
current-mode converter, response to a step input 
change shows more than an order of magnitude 
improvement (Figure 14a) when compared to the 
conventional converter (Figure 14b). Although not 
as pronounced, response to a step load change 
leaves the UC1846 converter (Figure 15) with a 
clear advantage in output response — 40mV as 
compared to 70mV for the UC1525A. 

Virtually all conventional push-pull converters are 
prone to flux imbalance caused by mismatched 
storage delays, etc., in the output stage. Figure 16 
shows both converters operating with the same 
power stage. No effort was made to match output 
devices. As may be seen, there is little noticeable 
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difference between switch currents of the UC1 846. transistors — shows phase B driving the core close 

However, the UC1525A — with identical output to saturation with 50% more current than phase A. 


VlN 




(B) UC1 525A VOLTAGE MODE CONTROLLER 

FIGURE 1 3. PUSH-PULL FORWARD CONVERTER WITH (A) CURRENT-MODE CONTROL AND (B) VOLTAGE MODE CONTROL 



t = 2ms/DIV 

OUTPUT ► 
RESPONSE 
50mV/DIV 


(A) 


(B) 


FIGURE 1 4. RESPONSE TO A STEP INPUT CHANGE OF 25 TO 35V BY (A) UC1 846 and (B) UC1 525A CONVERTERS 
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FIGURE 15. RESPONSIVE TO A STEP LOAD CHANGE OF 1 AMP BY (A) UC1846 AND (B) UC1525A CONVERTERS 



FIGURE 16. SWITCH CURRENTS SHOWING FLUX IMBALANCE IN (A) UC1846 AND (B) UC1525A CONVERTERS 


6.0 Conclusion 

Rarely do new design techniques evolve that can 
promise as much as current-mode control for the 
power supply engineer. We have shown this to be a 
simple technique easily extended from present 
converter topologies, that will increase dynamic 
performance and provide a higher degree of relia- 
bility while permitting new approaches to modular 


design. Until recently, current-mode converters 
could not compete with the economics of conven- 
tional converters designed with I.C. controllers. 
Now, with the UC1846 designed specifically for this 
task, current-mode control can provide all of the 
above performance advantages on a cost competi- 
tive basis. 
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THE UC1901 SIMPLIFIES THE PROBLEM OF ISOLATED 
FEEDBACK IN SWITCHING REGULATORS 


1. Introduction 

The UC1901 simplifies the task of closing the 
feedback loop in isolated, primary-side control, 
switching regulators by combining a precision 
reference and error amplifier with a complete 
amplitude modulation system. Using the IC’s 
amplitude modulated output, loop error signals can 
be transformer coupled across high voltage isola- 
tion boundaries, providing stable and repeatable 
closed-loop characteristics. Coupling across an 
isolation boundary is nothing new in transformer 
technology, and the UC1 901 ’s ability to generate 
carrier frequencies of up to 5MHz keeps the trans- 
former size and cost at a minimum. With a second- 
ary reference and accurate coupling path for the 
feedback signal, isolated off-line supplies can 
reliably achieve the tolerances, regulation, and tran- 
sient performance of their non-isolated counter 
parts and still take advantage of the benefits of 
primary-side control. 

Closing a feedback loop in a simple or complex 
system requires a thorough understanding of all 
of the loop elements. Worse case variations of 
each element must be taken Into account when 
loop stability, dynamic response, and operating 
point are determined. Unpredictability in any of the 
loop components will affect the overall design by 
making it, necessarily, more conservative.Thetrans- 
ient response of a control loop, for example, will 
usually suffer if a loop must be heavily compensated 
to guarantee stability with component variations. 

To obtain high levels of load and line regulation, the 
output voltage of a power supply must be sensed 
and compared to an accurate reference voltage. 
Any error voltage must be amplified and fed back to 
the supply’s control circuitry where the sensed error 
can be corrected. In an isolated supply, the control 
circuitry Is frequently located on the primary, or 
line, side of the supply. As shown in Figure 1, the 
feedback signal in this type of supply must cross 
the isolation boundary. Coupling this signal requires 
an element that will withstand the isolation poten- 
tials and still transfer the loop error signal. Though 
some significant drawbacks to their use exist, optical 
couplers are widely used for this function due to 
their ability to couple DC signals. Primarily, opto- 
couplers suffer from poor initial tolerance and sta- 


bility. The gain, or current transfer ratio, through an 
opto-coupler is loosely specified and changes as a 
function of time and temperature. This variation will 
directly affect the overall loop gain of the system, 
making loop analysis more difficult and the resulting 
design more conservative. In addition, limited band- 
width capability prevents the use of optical couplers 
when an extended loop response is required. 



FIGURE 1: A Typical Closed-Loop Isolated Power Supply 
With Primary-Side Control. 


With reliability firmly situated as an Important aspect 
of electrical design, the benefits of primary-side 
control are increasingly attractive in off-line designs. 
The organization of an off-line switcher with primary- 
side control (See Figure 1 ) puts the control function 
on the same side of the Isolation boundary as the 
switching elements. Not only does this simplify the 
interface between the controller and switches, it 
makes the protection of these switches much easier. 
Sensing of the switch currents and voltage can 
avoid failures and improve over-all supply perform- 
ance. The argument for primary-side control has 
been further strengthened by the introduction of a 
new generation of control IC’s. The controllers incor- 
porate such features as low current start-up, high 
speed current sensing for pulse-by-pulse current 
limiting, and voltage feed-forward. Low current 
start-up alleviates the problem of efficiently sup- 
plying power to a line-side controller, while fast 
current limit circuitry and voltage feed-forward take 
advantage of the proximity of a primary-side con- 
troller to both the power switch (es) and the input 
supply voltage. 

Combining all of the necessary functions to generate 
an AM feedback signal on the UC1901 make it the 
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first 1C of its type. As will be seen, the UC1 901 can 
be used in several modes to take full advantage of 
its functions. Recognizing the continuing evolution 
of power converter technology the UC1901 is 
intended to simplify the design of a new era of 
reliable and higher performance power converters. 

2. TheUC1901 Functions 

The operation of the UC1 901 is best undestood by 
considering a typical application. In Figure 2, the 
UC1 901 is shown providing the feedback signal to 
close the loop In an isolated switching power supply. 
With any feedback system it is desirable to compare 
the system output to the system reference with a 
minimum of intermediate circuitry. With the UC1 901 
situated on the secondary, or output side of the 
supply, the output voltage is simply divided down 
and compared to the 1 .5V reference using the chip’s 
high gain error amplifier. In this manner DC errors at 
the supply output are kept minimal even if signifi- 
cant non-linearities, or offsets, occur in the remain- 
der of the power supply loop. Since the 1 .5V output 
on the UC1901 Is a trimmed, precision, reference, 
the need for a trim-pot to fine tune the output 
voltage is eliminated. 

To make the UC1901 compatible with single output 
5V power supplies it is designed to operate with 
input voltages as low as 4.5V. This allows the part to 
be powered directly from a TTL compatible 5V 
output. A nominal supply current of only 5mA allows 
the part to be easily operated at its maximum input 
voltage rating of 40V without worry of excessive 
power dissipation. 


The amplified error signal at the UC1901’s com- 
pensation output Is internally inverted and applied 
to the modulator. The other input to the modulator Is 
the carrier signal from the oscillator. The modulator 
combines these two signals to produce a square 
wave output signal with an amplitude that is directly 
proportional to the error signal and whose frequency 
is that of the oscillator input. This output is buffered 
and applied to the coupling transformer. With the 
internal oscillator, carrier frequencies into the mega- 
hertz range can be generated. Operating at high 
frequencies can reduce both the size and cost of 
the coupling transformer. The secondary winding on 
the coupling transformer drives a diode-capacitor 
peak detector. With a simple resistive load to allow 
discharging of the holding capacitor an effective 
amplitude demodulator is formed. The small signal 
voltage gain from the error amplifier Input to the 
detector output is a function of the feedback net- 
work around the error-amp, the modulator gain, the 
turns ratio of coupling transformer, and any loss In 
the demodulator. 

In Figure 2 the relationship of the detector output to 
the sense supply voltage is non-inverting. This is 
necessary to guarantee start-up of the supply. Since 
the UC1 901 , as shown, Is powered from the supply’s 
output, the initial feedback signal back to the PWM 
controller will always be zero. The required 1 80° of 
DC phase shift is easily achieved by inverting the 
signal with the error amplifier that is present in most 
any PWM controller circuit. 

In some applications it may be desirable to operate 
the carrier frequency of the UC1901 in synchroni- 



FIGURE 2: With a Precision Reference, and a Complete Ampiitude Modulation System, the UC1901 Lets Isolated 
Feedback Loops be Closed Using a Small Signal Transformer. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-47 


PRINTED IN U S A. 




APPLICATION NOTE 


U-94 


CARRIER 


COMPENSATION 


INVERTING 

INPUT 


NON-INVERTING 

INPUT 



FIGURE 3: The Compensation Output on the UC1901 can be used to Accurately Control the AM Waveform Output 
A Simplified Schematic, (a) Shows the internal Signal Split into the Modulator. Voltage Waveforms, (b) Across 
the Modulator Outputs, and at the Compensation Output show the Modulator Transfer Characteristic. 


zation with a system clock, or reference frequency. 
In many situations, operation of the UC1901 at 
the switching frequency of the power supply can be 
beneficial. One such application is presented in 
this article. To accommodate this need the UC1 901 
has an external clock input. 

One additional mode of operation is possible if the 
oscillator is left disabled and the external clock 
signal is kept low (or floated). In this condition the 
error amplifier can be used in a linear fashion with 
Its output taken at the driver A output. The driver B 
output will be at a fixed DC voltage about 1 .4V from 
the input supply voltage. If the external clock signal 
is tied high the roles of the two driver outputs are 
reversed. With 15mA of output current capacity, 
the two outputs can easily be combined to reference 
and drive an optical coupler. Although the instabilities 
of the coupler will still be present, the advantages of 
the UC1 901 ’s precision reference, high gain ampli- 
fier-driver, and 4.5V supply operation can be utilized. 

3. A Controlled Feedback Response 

There are many different topologies which can be 
used when implementing a switching power supply. 
For off-line supplies, fly-back and forward con vert- 



3B 


ers are often designed. In the near future current- 
mode control versions of these may also be widely 
used. Each of these converter topologies has a 
different forward transfer characteristic and, within 
each type of converter, operating point, continuous 
or discontinuous inductor current, and voltage or 
current-mode duty cycle control are a few of the 
factors which can alter this characteristic. In short, 
the task of optimally designing a feedback network 
for one supply must usually be repeated when the 
next supply is designed. 
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Once the forward transfer function of a particular 
converter has been determined, various factors 
.such as, stability, line regulation,, load regulation, 
. and transient response will determine the overall 
loop response, and therefore feedback response, 
required. One of the objectives of the UC1901, in 
addition to allowing a controlled isolated feedback 
response, is to make the task of implementing a 
given response as easy as possible. With the com- 
pensation node on the UC1 901 , local R-C feedback 
networks can be used to shape the small signal 
gain and phase frequency response of the overall 
feedback network. 


The error amplifier on the chip has a typical open 
loop gain of 60dB and is internally compensated to 
have a unity gain bandwidth of just above 1MHz. 
Both of these characteristics are measured with 
respect to the compensation node (Pini 2). As shown 
in Figure 3a, the amplified error signal is internally 
split, at the collectors of Qi and Qg, and fed to both 
the modulator and the compensation output. Apply- 
ing feedback from the compensation output to the 
error amplifier’s inverting input controls the small 
signal collector current through Qi. Since Q2 
sees the same base voltage, and Its emitter resist- 
ance is the same. Its collector current will track that 
of Qy. The collector current of Q2 feeds the modu- 
lator and determines the amplitude of its output 
signal. The 4-to-1 ratio of resistors R4 (or R5) 
and R2 results in a fixed 12dB of small signal gain 
measured as the ratio of the amplitude of the differ- 
ential signal at the modulator outputs to the com- 
pensation mode signal. This relationship, as well as 
the function of the modulator, Is shown in Figure 3b. 
The scope traces show a 200mV peak to peak sinu- 
soid at 2.5kHz, measured at the* compensation 
output, and the resulting SOOmV variations in the 
peak amplitude of a 25kHz square wave carrier as 
measured across the modulator’s differential output. 


The remaining factors influencing the response of 
the feedback path are the signal gain through the 
transformer, the detector circuit, and the circuitry 
between the detector output and the supply’s PWM. 
The signal gain through the transformer is simply 
the turns ratio of transformer. The small signal 
detector gain can usually be assumed to be unity 
as long as the AC load presented to the detector is 
kept small. Some load on the detector Is necessary 
to allow its output to slew in a negative direction. 
Figure 4 summarizes the transfer and output char- 
acteristics of a typical transformer and detector. 



FIGURE 4: A Typical Detector Model and its Output 
Characteristics. 

Here the load on the detector Is modeleo as a 
current source, simplifying the equations. In actual 
practice the operating point of the detector output 
will be determined by the circuitry which inter- 
faces it with the PWM Input. Since the minimum 
recovery from the detector is zero volts a nominal 
positive operating level which provides adequate 
dynamic range for DC and transient conditions 
should be chosen. 


The UC1901 is specified to generate maximum 
carrier levels equal to or in excess of 1 .6V peak. 
This indicates that a turns ratio of greater than 
one-to-one will be required for the coupling trans- 
former if the detector output must exceed approxi- 
mately IV, (allowing for a detector diode drop of 
0.6V). It should be noted that many switching power 
supplies now being designed include an Integrated 
PWM control 1C. A typical PWM 1C includes a dedi- 
cated error amplifier which amplifies and buffers 
the input error voltage and applies it to the PWM 
ramp comparator. This amplifier can be readily used 
to fix a nominal detector operating point that is 
compatible with a one-to-one transformer. Addition- 
ally, the error amplifier on the UC1901 and the 
PWM’s amplifier can be combined to achieve both 
large DC loop gains for improved load and line 
regulation, and the optimization of the loop gain 
and phase frequency response for improved tran- 
sient and stability performance. 


4. Transformer Requirements 

The coupling transformer used with the UC1901 
has two primary requirements. First, it must provide 
DC isolation. Secondly, it should transfer voltage 
information across the isolation boundary. Meeting 
the first requirement of DC isolation will depend on 
specific applications. In general, though, small signal 
transformers can be readily built to meet the Isola- 
tion requirements of today’s line-operated systems. 
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For the most stringent applications, E-type cores 
with bobbin carried windings are inexpensively 
available or built. Where small size is most important,, 
a simple toroid core can be used. 

The second requirement of the transformer prima- 
rily determines the amount of magnetizing induct- 
ance it must have. The magnetizing inductance of a 
transformer refers to the actual inductance formed 
by the windings around the core material. In many 
classical transformer examples, the magnetizing 
inductance is ignored. This is a valid approximation 
since, in these examples, the magnetizing current 
required is much less than the reflected load 
currents. In this case, the load currents are small 
and, as the transformer inductance is reduced, the 
magnetizing currents become dominant. 

The driver outputs on the UC1901 are emitter fol- 
lowers which are biased at TOOyuA. Therefore, if the 
drivers are operated without additional bias current 
the peak current through the transformer’s primary 
winding cannot exceed this value. Figure 5a illus- 
trates the relationship of the magnetizing current to 
the voltage across the transformer’s input. If the 
reflected load currents are neglected. It can be 
seen that the minimum magnetizing Inductance 
required for linear transfer of the modulator square- 
wave is given by; 


(1) 


Q- 

> 

Al 

J 

Where: 

Lm 

= the magnetizing inductance. 


Vp 

= the peak carrier voltage across 
transformer inputs. 


fc 

= the UC1 901 operating frequen- 
cy, 


Ip 

= the bias current of the UC1 901 
drivers. 


As an example, consider, the case where Vp is 
equal to 2V, f^ is 1 0OkHz, and the drivers are operat- 
ing at their internal bias levels. Using equation 1 , 
the inductance looking into the primary winding 
with no secondary load must be greater than 7.1 mH. 
Alternatively, if the carrier frequency is raised to 
1 MHz and the bias levels of the UC1 901 drivers are 
Increased to 3.5mA, then Lm can be as low as 
1 50 a/H. Using high permeability ferrite material, this 
level of magnetizing inductance can be realized with 
as little as 1 0 turns on a small toroid core. 

Equation 1 sets a minimum limit on the magnetizing 
inductance for linear transfer of the carrier wave- 
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FIGURE 5: The UC1 901 Driver Outputs Follow the Mod- 
ulator Output Square Wave, (a.), Sourcing 
and Sinking Current Levels Dependent on 
Transformer Inductance, Carrier Frequency, 
and Voltage Level. When the Bias Level of the 
Driver Outputs, Ip, is Reached, (b.), a Tri-state 
Waveform is Coupled Across the Transformer, 
the Peak Voltage Level Though, Remains Ap- 
proximately the Same. The Reflected Load 
Currents are Assumed Negligible. 

form. Actually, the amplitude information Is still 
coupled even when the inductance is less than this 
minimum. In this case, the UC1901 drivers will 
support the voltage across the coil until the peak 
current is reached. The result, illustrated in Figure 
5b, is a tri-state waveform at the transformer’s Input 
and output. Peak detection of this waveform yields 
the same amplitude information as the linear trans- 
fer case, although detection ripple will Increase. 
Another situation which results in a tri-state wave- 
form exists when the carrier duty cycle is not 50%. 
In this case, the volt-seconds across the transformer 
will be balanced by an “imbalancing” of the driver 
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bias levels. The imbalance will be sufficient to cause 
the peak current to be reached during the >50% 
portion of the carrier waveform. 

5. The High Frequency Oscillator 

The oscillator circuit on the UC1901 is designed 
to operate at frequencies of up to 5MHz. To achieve 
this operating range the circuit shown in Figure 6 
uses only NPN transistors in those parts of circuit 
which are dynamically involved in the actual oscilla- 
tion. The standard bipolar process used to produce 
the UC1 901 characteristically yields high typically 
250MHz, NPN devices. Conversely, the same pro- 
cess has PNP structures with fT-’s of only 1 to 2MHz. 
In the oscillator, PNP’s are used only in determining 
quiescent operating points of the circuit. 

The latched comparator formed by Q1-Q4, diodes 
D-, and D2, and resistors and Rg has a controlled 
input hysteresis which determines the peak to peak 
voltage swing on the timing capacitor Cj. The timing 
capacitor Cj is referenced to V,n since this is the 
reference point for the latched comparator’s thresh- 
olds. The comparator’s outputs at and D2 switch 
the 2X current source through changing the net 
current into the timing capacitor from positive to 
negative, reversing the capacitor voltage’s dv/dt. 


When the resulting ramp reaches the comparator’s 
lower threshold, the current is switched back to 
Q11 and the ramp reverses until the upper thres- 
hold Is reached and the process begins again. This 
results In a triangle waveform at Ct and a squarewave 
signal at and D2. 

The magnitude of the charging current is controlled 
by the external resistor, Rj and the internally gener- 
ated voltage across It. This voltage Is compensated 
to track variations in the comparator hysteresis. The 
tracking characteristics of this voltage stabilize the 
oscillation frequency over temperature and enhance 
the initial frequency tolerance. Typically, repeatability 
and temperature stability of the operating frequency 
are both better than 5%. 

The oscillator circuit has been optimized for a 
nominal Rj of 1 0k/?. A desired operating frequency 
Is obtained by choosing the correct value for Cj. As 
shown in Figure 7, the oscillator frequency is give 
by the relation; 

1 24 

(2) fosc. = 

for frequencies below 500kHz. Above 500kHz, the 
solid line indicates appropriate Cj values. There is 



FIGURE 6: UC1901 High Frequency Oscillator Simplified Schematic. 
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no upper limit on the size of the capacitor used, 
thus allowing the oscillator to have an arbitrarily 
long period if desired. 



FIGURE 7: UC1901 Oscillator Frequency. 

To allow operation of the modulator with a carrier 
frequency that is driven from a system operating 
frequency or clock, the oscillator can be over-ridden. 
Tying Cj to the input supply voltage disables the os- 
cillator. The modulator circuit can now be switched 
in synchronization with a signal at the external clock 
input. Internally, the clock signal is applied to the 


latched comparator via the input device Qg, and the 
differential pair Q7 and Qg. As the clock input goes 
high, Qg turns Qg off and Q7 on, creating an offset 
across Rg that is sufficient to switch the comparator. 
The comparator then, as before, drives the modula- 
tor. When the clock input returns low, the process is 
reversed. Using the external clock input, both the 
frequency and duty cycle of the modulator outputs 
are controlled. 

6. A Status Output is More 
Than Just a Green Light 

Many systems today require a monitoring function 
on the supply output. The status output on the 
UC1901 can fill this need, a green light function, 
and can also be used to fill some more “sophisti- 
cated” needs. The circuit in Figure 8 takes advan- 
tage of the status output in the start-up of an off-line 
forward converter. The UC1 901 is being used in an 
application where the switching supply must be 
synchronized to a system clock. The clock signal 
is generated on the secondary or output side of 
the supply. To allow start-up, the PWM oscillator is 
free-running when the line voltage is applied. As the 
supply voltage rises, the UC1 901 ’s external clock 
input is driven at the switching frequency rate 
through resistors Ri and R2. When the supply output 


RECTIFIED LINE VOLTAGE 



FIGURE 8: The Status Output on the UC1901 is used in the Start-Up of a Power Supply Synchronized to a Secondary 
Referenced Master Clock. The Coupling Transformer Carries the Feedback and Clock Signals. The Status 
Output is used to Sequence Clock Signals to the UC1901 External Clock Input During Start-Up. 
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reaches 90% of its operating level, the status out- 
put decouples the external clock input from the 
switcher and enables the UC1 901 ’s clock input to 
be driven from the now operational system clock. 

On the primary side, the output of the coupling 
transformer is used before demodulation to provide 
a synchronization pulse to the PWM control oscilla- 
tor. Under normal operation, the entire power supply, 
including the feedback system, will be synchronized 
to the system clock. 

7. The UC1901 in an Off Line 
Flyback Converter 

As alluded to previously, flyback converters see 
wide use in off-line applications. The flyback topol- 
ogy has some general cost benefits which have 
spurred its use in low cost, low power (dSOW), 
off-line systems. Perhaps the two most significant 
of which are the need for only a single power 
magnetic element in the supply (no output filter 
inductor is required), and the ability to easily obtain 
multi-output systems by adding one additional 
winding to the coupling power inductor for each 
extra output. Also, the flyback topology, especially 
when used in the discontinuous mode, lends itself 
very well to the benefits of voltage feed-forward. 

7a. 60 Watt Dual Output Converter 

Shown in Figure 9 is a flyback converter designed 
with the UC1 901 and a primary side control 1C, the 
UC1840. The converter has two SOW outputs, one 
at 5V/6A, and another at 1 2V/2.5A. Minimum loads 
of 1A are specified at each output. The UC1901 is 
used to sense and regulate the 5V output. This out- 
put is specified at ±2 percent (untrimmed), with load 
and line regulation of better than 0.2 percent. Respec- 
tively, the 12V output is specified at ±5 percent 
with ±6 percent load and line regulation. Regulation 
of the 12V output relies on close coupling between 
the 5V and 12V output circuits. 

The UC1840 controller has all of the features 
discussed previously for an off-line controller. In 
addition, it has some advanced fault protection 
features. Only parts of the UC1840’s capabilities 
are discussed here. For those desiring a more 
complete description, it can be found in the second 
reference mentioned at the end of this article. In the 
supply, the UC1 840 sequences itself through start- 
up using the energy stored in C 4 by the trickle 
resistor R^. Once the supply is up and running 
W4, the auxiliary winding on Li, provides power to the 
controller and the switch drive circuitry. The primary 


winding on the coupled inductor, Wi is applied 
across the rectified and filtered line voltage at a 
60kHz rate via the FET switching device. is refer- 
red to as a coupled Inductor, rather than as a trans- 
former, since the primary and secondary windings 
do not conduct at the same time. Energy is stored 
In the inductor core as the switching device con- 
ducts, and then “dumped” to the secondary outputs 
when the device is turned off. 

The converter operates in the discontinuous mode. 
Operating in this mode, the total current In the 
coupled inductor goes to zero during each cycle of 
operation. In other words, the energy stored In the 
core during the beginning of a cycle is entirely 
expended to the load before the end of the cycle. 
This allows the Inductor size to be minimized since 
its average energy level is kept low. The price paid 
for discontinuous operation is higher peak currents 
in the switching and rectifying devices. Also, high 
ripple currents at the supply’s output(s) make ESR, 
(equivalent series resistance), requirements on the 
output filter capacitors more stringent. 

7b. Discontinuous Flyback’s Forward 
Transfer Function 

The process of designing a feedback network for 
the supply begins with determining the small signal 
transfer function of the converter’s forward control 
path. This path can be defined as the small signal 
dependency of the output voltage, Vqut. to, Vc, the 
control voltage at the Input to the PWM comparator. 
As defined, the control voltage on the UC1 840 ap- 
pears at the compensation output of Its internal 
error amplifier. The transfer function of this path 
for the discontinuous converter is given by equa- 
tion (3). 


(3) VouT /TrRl 1 + SCpRs 

V ^ ^ '1 + sCpRT 
2 

Where: 

V,N = level of the rectified line voltage, 

Vr = The equivalent peak PWM ramp voltage- 
equal to the extrapolated control voltage 
input which would result in a 100 % 
switch duty cycle, 

Tp = One period of the switching frequency, 

Lm = Magnetizing inductance of the primary 
winding, 

Cp = A total effective output filter capacitor, 
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Rl = The total effective load, (assumed 
resistive), 

Rs = ESR of the filter capacitor, 
s == 27rif, f is frequency in hertz. 

The word effective is used in describing Rl and Cp 
since, although we are interested in calculating the 
response to the 5V output, the loads at the 1 2V and 
auxiliary outputs must be accounted for. This is 
easily done by reflecting these loads to the 5V 
output using the corresponding turns ratio on the 
inductor. 

7c. Voltage Feedforward Steadies 
Response 

Equation 3 indicates a substantial dependency of 
the control response to both the load Rl, and the 
input voltage, V,n. This can slightly complicate the 
design of the feedback network since both the gain 
and phase response of the loop will vary with oper- 
ating conditions. 

The benefits of feed -forward are easily illustrated at 
this point by examining its effect in this circuit. The 
UC1840 controller uses resistor R 5 to sense the 
input voltage and proportionately scale the charging 
current into the PWM ramp capacitor, C 3 . Scaling 
the ramp slope Is the same as scaling Vr, the equiva- 
lent peak ramp voltage. The result is a modeled 
ramp voltage given by: 


(4) Vr = V,nTp 

R 5 ^3 


When this expression for Vr is substituted into 
equation 3, the result is a forward transfer function 
that Is Independent of the input voltage. Not only 
does this simplify the feedback analysis. It also 
vastly improves the supply's inherent rejection of 
line voltage variations. 

The forward response of the converter, plotted in 
Figure 10, has a single pole roll-off occurring 
between 11Hz and 38Hz depending on the load. 
The single pole roll-off allows the feedback network 
a bit of latitude since, from a stability standpoint, the 
loop bandwidth can be extended by simply adding 
broadband gain with an appropriate roll-off frequen- 
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FIGURE 10: Closing the Feedback Loop is Proceeded 
by the Characterization of the Converter’s 
Forward Small Signal Transfer Function. 


cy. No mid-band zeros or led-lag networks are 
necessary, as might be for converters with double 
pole responses. Although, the zero resulting from 
the ESR of the filter capacitors can. If not taken into 
account, appreciably extend the loop bandwidth 
beyond Its intended value. 

7d. Wide Bandwidth Gives Fast Transient 
Response At 5V Output 

This supply was designed to have a unity gain loop 
bandwidth of between 5 and 1 0kHz. With this band- 
width the supply’s control response to step load and 
line changes occurs In fractions of a millisecond. This 
is only true with regard to the 5V output. There is no 
feedback from the 1 2V output therefore the output 
impedence of the 1 2V supply will be determined by 
IR losses, the dynamic impedence of the rectifying 
diodes, and the coupling efficiency between the 
inductor windings. This Impedence is not reduced 
by the loop gain, as it is at the 5V output. As a result, 
the time constant of the response at this output will 
be considerably longer. 


The fast response of the 5V output and the relatively 
slow response of the 1 2V output are illustrated in 
Rgure 1 1 which shows three oscllliscope traces 
in response to a 3.0A load change at the 5V output. 
The upper trace is the response of the 5V output 
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which has been expanded and lowpass (< 15kHz) 
filtered slightly so the small signal loop character- 
istics can be seen. The trace below this is the 12V 
output’s deviation due to cross-regulation limitations, 
the longer time constants involved are obvious. Both 
the fast response of the 5V loop, and the longer 
settling time of the 1 2V output are apparent in the 
third trace. This trace is the fed back correction 
signal at the UC1 840’s error amplifier output. From 
the middle trace the output impedence of the 12V 
supply can be estimated by noting the approximate 
1 ms time constant and dividing it by the 2000)L/F 
value of the 1 2V output filter capacitor. This gives a 
value of 0.5/2 for the output impedence. This agrees 
well with actual measurements of the 12V output's 
load regulation. 



1 ms/DIV 


FtGURE 11: The Transient Response of the 5V Output 
(Top Trace), to a 3.0 A Step Load Change 
Reflects the Extended Bandwidth of the 5V 
Loop. The Open-Loop 12V Output (Middle), 
Responds to the Effects of Cross Regula- 
tion. The Feedback Error Signal (Lower) 
Coupled Through the UC1 901 is Measured 
at the UC1840 Error Amp. Output. 

7e. The Feedback Response 

Plotted in Figure 1 2 Is the response of the feedback 
network. Also plotted are the asymptotic gain lines 
of the two contributing gain blocks, the UC1901 
response (from 5V output to detector output) and 
the UC1 840 error amp response (detector output to 
the PWM control voltage). The UC1 901 's error ampli- 
fier is run open loop at DC but is quickly rolled off to 
8dB. With the 1 2dB of modulator gain, the UC1 901 
feedback system has a broadband gain of 20dB. A 
pole at 1 6kHz is added to reduce the gain through 
the UC1901 error amplifier at the 60kHz switching 
frequency. As mentioned earlier, excessive gain at 
the switching frequency can “use up” the dynamic 
range of the UC1 901 's AM output. 


The UC1901 is operated with a carrier frequency 
of 500kHz. The coupling transformer, a Coilcraft 
E3493A, (double E core, bobbin wound construction), 
has a magnetizing inductance of 2.1 mH. At 500kHz 
the peak current required to drive the primary 
winding is only 475/iA per peak volt. The reflected 
load current is kept much smaller. This allows the 
transformer to be easily driven from the UC1901 
driver outputs. The E3493A is .widely used as a 
common mode line choke, and is rated for V.D.E. 
and U.L Isolation requirements. The transformer 
has a current rating of 2A, greatly exceeding the 
requirements of this application. Even though the.. 
device Is larger than some alternatives, its availa- 
bility and high volume pricing, as well as its isolation 
capability, make it a very suitable choice. ' 


At the output of the transformer the diode-capacitor 
detector Is referenced, along with the inverting input 
of the UC1840 error amplifier, to the UC1840’s 5V 
reference. The operating point of the detector Is 
fixed at 0.5V by the divider formed by and R^j in 
Figure 9. This in turn sets the operating point of 
the carrier, with a detector diode drop of 0.5V, at 
about IV peak. This level is reflected back through 
the one-to-one transformer to the UC1 901 outputs. 
A 1 V operating point is approximately at the center 
of the devices dynamic range. 

The load current at the detector output Is 50//A, set 
by the 0.5V operating level and Rig- The peak to 
peak detector ripple, at 500kHz, across the .001 5yuF 
holding capacitor Is about 35mV. The gain through 
the UC1840 error amplifier at 500kHz is -26dB, 
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FIGURE 12: Local Feedback ground the UC1901 and 
1 840 Error Amplifiers is Used to Obtain the 
Desired Feedback Response. 
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attenuating the ripple to less than 2mV at the error 
amplifier output. 

The response of the UC1840 error amplifier is flat 
out to 1 kHz where the gain is rolled off to set the 
loop’s Odb frequency. The DC gain is kept as high 
as possible, to fix the detector operating point, 
without actually having a series integrating capaci- 
tor in the feedback. If both the UC1901 and the 
UC1840 error amplifiers are run open loop at DC, 
with series R-C networks to set the AC gain, the total 
phase margin at low frequencies can become small 
or nonexistent. The result can be instability or, more 
likely a peaked closed loop response that can 
increase the low frequency noise level of the supply 

The distribution of gain between the UC1901 and 
UC1 840 error amplifiers is somewhat, although not 
entirely arbitrary. Keeping the 500kHz ripple at the 
PWM comparator input below a certain level puts 
restrictions on the AC gain of the PWM’s error ampli- 
fier. To much AC gain through the UC1 901 ’s ampli- 
fier can degrade the supply’s transient response 
under large signal conditions. A suitable distribu- 
tion for any application will, more than likely, be an 
Iterative procedure. A simple computer or pro- 
grammable calculator program can be a great tool 
when massaging these aspects of a design. 



10 20 50 100 200 500 IK 2K 5K 10K 20K 


FREQUENCY-HERTZ 

FIGURE 13: The Over-All Open-Loop Response of the 
Supply Will Determine the Supply’s Over- 
All Stability and Small Signal Transient 
Response. 

The overall open-loop responses, plotted in Figure 
13, will not vary significantly except as indicated 
with load. The desired loop bandwidth has been 
achieved with an adequate phase margin of >50°. 


The result is a supply with very repeatable, as well 
as stable, operating characteristics. The sdme type 
of analysis for determining the required feedback 
response can be used in applying the UC1901 to 
any type of isolated closed loop supply. The choice 
of coupling transformer and carrier frequency used 
with the UC1901 should be based on Individual 
system requirements. 
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VERSATILE UC1834 OPTIMIZES 
LINEAR REGULATOR EFFICIENCY 


Linear voltage regulators have long been an important resource to power supply 
designers. Three terminal, fixed-voltage linear regulators find extensive use as “spot” 
regulators and as post-regulation stages fed by switched-mode supplies. However, 
while inexpensive and simple to use, these devices have several performance limitations. 

First, three terminal regulators are inefficient power converters. Power dissipation in a 
linear regulator is given by the relation: 

P = lO * (ViN - Vout). 

Most monolithic regulators now available require an input-to-output voltage differen- 
tial of at least 2 to 3V. This requirement can result.in substantial inefficiency, particu- 
larly in low voltage supplies. As switched-mode power technology matures, power 
losses incurred in linear post-regulation stages are becoming more significant in terms 
of overall system efficiency. 

Second, fixed-voltage regulators, with fixed maximum output currents, lack versatility. 
The use of these devices requires that OEMs maintain large, diverse inventories in order 
to support a broad range of power supply requirements. 

Third, fixed three-terminal devices lack the capability of remote voltage sensing, and 
therefore can exhibit poor load regulation. 

Finally, the most common failure mechanism for linear regulators is a shorted pass 
transistor. All critical loads, therefore, require over-voltage protection not provided by 
three-terminal regulators. 

IMPROVED PERFORMANCE WITH UC1834 

The UC1834 is a programmable linear regulator control IG which, with an external pass 
transistor, forms a complete linear power supply. This IC provides solutions to all the 
above-mentioned drawbacks of three-terminal devices. 

Figure 1 shows the basic elements of positive and negative regulators implemented with 
the UC1834. An error amplifier monitors the output voltage and provides appropriate 
bias to the pass transistor (Ql) through a driver stage. This high-gain error amplifier 
(E/ A) allows good dynamic regulation while allowing Ql to operate near saturation in 
the common-emitter mode. The circuits can achieve high efficiency by maintaining 
output regulation with an input-to-output voltage differential as low as 0.5V (at 5A). 
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The UC1834 has both positive and negative reference voltage outputs, as well as a 
sink-or-source driver stage, as shown in Figure 1. These features allow implementation 
of either positive or negative regulators with this single IC, as shown. Output voltages 
from 1.5 V to nearly 40V can be programmed by appropriate choice of remote sensing 
divider elements. Remote sensing also allows improved DC and dynamic load 
regulation. 




Figure 1. Basic Eiements of (a.) Positive and (b.) Negative Reguiators 
implemented with a UC1834 
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The UC1834 is intended to provide a complete linear regulation system. Therefore, 
many auxiliary features are included on this IC which eliminate the need for additional 
circuit elements. Figure 2 shows a more complete block diagram including on-chip 
provisions for current sensing, fault monitoring, remote voltage sensing, and thermal 
protection. 



DRIVING THE PASS TRANSISTOR 

Figure 3 shows suggested pass transistor configurations for implementing either posi- 
tive or negative regulators with the UC1834. For those low current (<200mA) applica- 
tions in which efficiency is not extremely critical, the UC1834 output transistor can 
serve as the pass element, resulting in the simple configurations of Figure 3a. An 
external pass transistor is needed for output currents greater than 200mA. With the 
circuits of Figure 3c, the UC1834 can maintain regulation while operating the pass 
transistor near saturation. Operation at very high output currents (to ~ 30 A) is possible 
with the Darlington pass elements of Figure 3d. 
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Positive Output 


Negative Output 




O VOUT 


GNDO- 


OGND 



GNDQ 


OGND vrNQ 

a. Iout: 0 “ 200mA 
ViN-VouT>1.0V 


O VoUT 



b. Iout > 200mA 
ViN - Vout>1.2V 



c. Iout: 0 - 5A 
ViN - Vout>0.5V 


d. Iout > 5A 

Vin-Vout>1.2V 




Figure 3. Pass Transistor Configurations 
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Current in the UC1834 output transistor is self-limiting, for improved reliability. This 
limiting is achieved by Q3 and R1 in Figure 4a. The resulting maximum output current 
is a function of temperature as shown in Figure 4b. 

A resistor (Re) is shown in series with the drive transistor in Figures 3c, d. This resistor 
shares base-drive power with the transistor, allowing cooler, more reliable operation of 
the IC. Re should be as large as possible while still supporting adequate pass transistor 
base current under worst-case conditions of low input voltage and maximum output 
current: 

VRE(min) = ViN(min) " VBE(max)(Q2) “ VcE(sat)(max)(Ql) 
lB(max)(Q2) = lO(max)/ ^(min)(Q2) 

RE(opt) - VRg(inin)/lB(max)(Q2) 

where: VRjj(min) is minimum voltage available to Re 

iB(max) (Q2) is maximum required base drive to Q2 
RE(opt) is optimum value of Re* 

Re also enhances stability by allowing operation of Q1 as an emitter-follower, thereby 
eliminating Pqi from the loop transfer function: 

IC(Q1) IE(Q1) = (Ve/A out “ VbE(QI) - VbE(Q2))/Re iP independent). 



Driver 

Sink 


Driver 

Source 



Figure 4 a. Driver Current Limiting Circuit 

b. Resuiting Maximum Current vs Temperature 
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CURRENT SENSING 

In order to protect the pass transistor from damage due to overheating, one must sense 
its emitter current (Ie) and then decrease the base drive if Ie is excessive. The UC1834 
current sense amplifier (CS/A) accomplishes these tasks. 

The UC1834 CS/A has a common mode range which includes both input supply 
“rails”. This extended range is made possible by introducing matched voltage offsets in 
the differential input paths, as shown in Figure 5. Internal current sources bias the offset 
diodes in their appropriate direction. Which bias source (+ or -) is active is determined 
by whether the CS/A positive (+) input is greater or less than Vin/2. Therefore, it is 
advisable to configure the sensing circuit such that the voltage at CS/ A(+) will not cross 
Vin/2 during operation. This precludes sensing in series with the load for most 
applications. 



Figure 5. Two Diode-Drop Offset Allows Current Sensing at Suppiy Raii 


The CS/ A has a programmable current limit threshold which can be set between OmV 
and 150mV. Programming is achieved by setting the voltage at the “Threshold Adjust” 
terminal (pin 4) to 10 • VTH(desired). The factor of 10 provides good noise immunity at 
pin 4 while allowing low power dissipation in the current sensing resistor. Figure 6 
shows the guaranteed relationship between VpiN4 and the actual resulting threshold 
across the CS/A inputs. Note that the threshold is clamped at 150mV if pin 4 is open or 
if VpiN4 > 1-3V. The “Threshold Adjust” input is high impedance (bias current is less 
than 10 )liA), allowing simple programming through a voltage divider from the 1.5V 
reference output. However, loading the 1.5V reference will affect the regulation of the 
-2.0V reference. Figure 7 shows how to compensate for this loading with a single 
resistor when the -2.0V reference is needed. 
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VOLTAGE AT THRESHOLD ADJUST PIN (PIN 4) - V 


Figure 6. Guaranteed Tolerances on C/S Threshold Adjustment 



Figure 7. Setting the Current Threshold and 
Compensating the -2.0V Reference 

The CS/A functions by pulling the E/A output low, turning off the output driver 
(Figure 8). As current approaches the threshold value, the E/ A attempts to correct for 
the CS/A output, resulting in an E/ A input offset voltage. The supply output voltage 
can decrease a proportional amount. When the CS/A input voltage differential reaches 
the current sense threshold, then the pass transistor is totally controlled by the CS/A. 
The combined CS/A and E/A gains and output configurations result in the current 
limit knee characteristic of Figure 9. 
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Figure 8. Current Sense Tied to E/A Output 



-10 -7.5 -5.0 -2.5 CURRENT SENSE 

THRESHOLD 

DIFFERENTIAL VOLTAGE AT CURRENT SENSE INPUTS - mV 
(REFERENCED TO SENSE - INPUT) 

Figure 9. Current Limiting Knee Characteristic 
FOLDBACK CURRENT LIMITING 

It is desirable to put an upper limit on pass transistor power dissipation in order to 
protect that device. Ideally, for a constant power limit: 

lE(max) • VcE — K where K is a constant 

or: lE(max) — K/(Vin - Vout) (ignoring the sense resistor voltage drop). 

As the input-to-out voltage differential increases, it is necessary to “fold back” the 
maximum allowable current. This ideal fold back characteristic is shown in Figure 10, 
along with a practical characteristic achievable with the circuit of Figure 11. 
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Figure 10. Ideal (Dashed Line) and Practical (Solid Line) 
Foldback Current Limiting Characteristics 



Figure 11. Foldback Current Limiting — Responds to Changes in V|n or Vqut 

This circuit responds to changes in either Vin or VoUT. The voltage differential Vin - 
VoUT causes proportional current flow through Ri and R 2 . The additional drop across 
Rl is interpreted by the CS/A as additional load current. The result is that the real 
current limit decreases linearly with Vin - VouT^ 

O.I(Vadj) (Vin - Vqut) Ri 

E(max) RsensE (Rl + R2) RSENSE 

for: Rl + R 2 ^ Rsense 

Vadj < 1.5V 
Rl = Rl. 
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This technique can be susceptible to “latch-off”. If a momentary short at the supply 
output causes Ie to drop to zero (pass transistor cut off), then VouT cannot recover 
when the short is subsequentially removed. To prevent this undesirable operation, one 
must ensure that lE(max) > 0 when VoUT = 0 and Vin is at its minimum: 


lE(max) 


VoUT = 0 
VlN(min) 


ot(Vadj) (Vin ■ Vqut) ^ q 

Rsense (Ri + R 2 ) Rsense 

O.I(Vadj) ^ Ri 

VlN(min) Rl + R 2 


VlN(min) Rl A _ 0.1 (VADJ) \ 

^ 0.1 (VaDJ) \ ViN(min) / 

Figure 12 shows an alternative foldback current limiting scheme which responds to 
decreased VoUT only. This circuit gives the output characteristics of Figure 13, defined 
by the following relation: 

0.1 / R1R2 Vqut + R2R3 Vref\ 

' Rsense ^ R1R2 + R1R3 + R2R3 ) 

This technique is immune to “latch-off” because the minimum current limit is always 
non-zero. 



Figure 12. Foldback Current Limiting — Responds to Changes in Vqut 
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Ie(MAX) 


OV 


,, VoUT (Designed) 
VOUT 



Figure 13. Foldback Current Limiting Characteristic 
FAULT CIRCUITRY AND SYSTEM INTERFACING 


In order to minimize the need for additional components, the UC1834 has on-chip 
provisions for fault detection and logic interfacing. These features are particularly 
useful when the linear regulator is part of a larger power supply system. 


As shown in Figure 14, an internal comparator monitors the UC1834 E/ A inputs. This 
comparator has two thresholds, for over- and under-voltage detection. Comparator 
thresholds are fixed at | Vn.L - Vjnv. I = 150mV. The resulting output voltage windows 
for non-fault operation are: 


± .150V 
1.5V 
± .150V 
2V 


= ± 10% for positive (+) supplies 


= ± 7.5% for negative (-) supplies. 


A fault delay circuit prevents transient over- or under-voltage conditions (due to a 
rapidly changing load) being defined as faults. The delay time is programmable. An 
external capacitor at pin 1 1 is charged from an internal 75/iA source. The delay period 
ends when the capacitor voltage reaches '^3.5V. The delay time is therefore '^47ms/ /xF. 
The fault alert output (pin 10) becomes an active low if an out-of-tolerance condition 
persists after the delay period. When no fault exists, this output is an open collector. 


An over-voltage fault activates a 100mA crowbar gate drive output (pin 16) which can 
be used to switch on a shunt SCR. Such a fault also sets an over-voltage latch if the reset 
voltage (pin 15) is above the latch reset threshold (typically 0.4V). When the latch is set 
its Q output will pull pin 15 low through a series diode. As long as a nominal pull-up 
load exists, the series diode prevents Q from pulling pin 15 below the reset threshold. 
However, pin 15 is pulled low enough to disable the driver outputs if pins 15 and 14 are 
tied together. With pin 15 and 14 common, the regulator will latch off in response to an 
over-voltage fault. If the fault condition is cleared and pins 14 and 15 are momentarily 
pulled below the latch reset threshold, the driver outputs are re-enabled. 
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Figure 14. Fault Circuitry 


An internal “delay reset latch” prevents crowbar turn-on when an under-voltage 
condition is immediately followed by a transient over-voltage condition. Such a situa- 
tion could arise from a momentary short circuit at the supply output. 

A thermal shutdown circuit pulls the E/A output low when junction temperatures 
reach 165°C, in order to protect the IC from excessive power dissipation in the drive 
transistor. 

COMPENSATING THE FEEDBACK LOOP 

A reliable design for any feedback system must yield a closed-loop frequency response 
which ensures unconditional stability. An optimum power supply response provides 
this stability while maximizing broadband gain for good dynamic voltage regulation 
with changing loads. Figure 15 illustrates such a response. The OdB crossover frequency 
(fc) should be as high as possible while maintaining phase margin above -360° at all 
lower frequencies (Nyquist stability criterion). In practice, this criterion dictates a 
single-pole response below fc. 
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Circuit Oscillates if Phase 
reaches -360° when Gain is > OdB 


Figure 15. Desired Ciosed-Loop Response 

Linear supplies using the UC 1 834 will usually have a current limiting loop in addition to 
the voltage control loop, as illustrated for two basic configurations* in Figure 16. Both 
loops must be stabilized for reliable operation. This is accomplished by appropriately 
compensating the E/A and CS/A at their common output (pin 14). Design of the 
compensation networks will often require an iterative procedure, since the compensa- 
tion for one loop will affect the response of the other. A straightforward approach is 
outlined below: 

1) . Determine the frequency response of all voltage loop elements excluding the 

E/A. Appendix I offers guidelines for this step. 

2) . Design E/A compensation giving a frequency response which , when added to 

the response calculated in step 1, will yield a total loop characteristic 
consistent with the objectives outlined above. (Appendix II.) 

3) . Calculate the current loop response and determine whether it satisfies the 

Nyquist stability criterion. (Appendix III.) If not, add additional 
compensation and then recalculate the voltage loop response. 

4) . Iterate if necessary. 

♦All other configurations of Figure 3 are variants of these two, and can be treated in essentially the same ways. 
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CONFIGURATION I 


CONFIGURATION II 






Figure 16. Voltage and Current Loops for Two Basic Configurations 

EXAMPLE 

Figure 17 shows a 5V, 5 A (positive output) supply of the class shown in Figures 16a, c. 
This circuit tends toward instability when it is lightly loaded because of the high gain 
{p = 200) of the pass transistor at low currents. Output capacitor C 2 is needed to 
introduce a pole which rolls off the gain of the voltage loop to OdB at lOOkHz, avoiding 
instability due to the additional phase shift of a transistor pole at: 


f = 



50MHz 

200 


= 250kHz 


Assuming a minimum load of lA (Rl = 50), the low frequency voltage loop gain, 
excluding the E/A, is (from Appendix I): 


Av = 


150 


200 • 50 


0.51kO 


(1.7 + 0.51) kO 


20 = 26dB. 
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Figure 17. 0.5V Input-Output Differential 5A Positive Regulator 

A pole at 5kHz is required in order to roll off from 26dB to OdB at lOOkHz. The required 
value of C2 is therefore given by: 


C2 


1 

277 • Rl • fp 


27r-50-5kHr6-4A‘F(6.8MFused). 


The dashed curves of Figure 1 8a show the resulting voltage loop response, excluded the 
compensated E/ A. Notice that the SkHzpole (just added) itself introduces undesirable 
phase lag. This can be corrected by positioning the compensation zero (see Appendix II) 
at the same frequency. With Rg = 6800 (providing ^ OdB E/ Again above 5kHz), then: 


C5 = 


1 

277 • 6800 • 5kHz 


= .047/iF. 


The gain and phase of the compensated E/A (dotted lines) and complete voltage loop 
(solid lines) are also shown in Figure 18a. 

The resulting current loop response (Figure 18b) is seen to meet the stability criterion. 
Gain above 5kHz is given by (from Appendix HI): 


Ai 6800 200-0.0180 = 2.3 =7.4dB. 

700 150 
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Figure 18. Loop Responses for Circuit of Figure 17 

a. Voitage Loop 

b. Current Loop 

Reasonable phase margin (~40°) is maintained as the transistor and CS/A poles roll 
off this small gain to OdB. 

Figure 19 shows the UC1834 used to implement a negative output supply. A Darlington 
pass element provides adequate gain for operation at output current levels up to lOA. 

CONCLUSION 

Ever-increasing requirements for improved power supply economy and efficiency have 
produced a. need for a versatile control IC capable of minimizing power losses in linear 
regulators. The UG1834 meets this need while also supporting all the auxilliary func- 
tions required of such supplies. This control circuit provides for optimized performance 
in a broad range of linear regulators, and in fact extends the range of applications for 
which such regulators are appropriate. 
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APPENDIX I - FREQUENCY RESPONSE OF VOLTAGE LOOP ELEMENTS 


A. The configuration of Figure 16a has, in addition to the compensated E/A, the 
following loop elements: 


• Drive Transistor - Re allows operation of the driver as an emitter follower. 
Together these elements have an effective small signal AC conductance of 1 /Re. 

• Pass Transistor - Low frequency gain (jS) and unity-gain frequency (fr) are usually 
specified. The pass transistor adds a pole to the loop transfer function at fp = fr/ p. 
Therefore, in order to maintain phase margin at low frequencies, the best choice for 
a pass device is often a high frequency, low gain switching transistor. Further 
improvement can be obtained by adding a base-emitter resistor (Rbe in Figure 16a) 
which increases the pole frequency to: 


f p " 


fr 

P 



Rbe / 


where: re = 

qlc 


0.026mV 

Ic 


(at T = 300K). 


• Load Impedance - Load characteristics vary greatly with application and operating 
conditions. The most commonly used models and their respective (s domain) 
transfer functions are given in Table 1. Note that there are no poles in the transfer 
functions of those loads which lack shunt capacitance. This can result in a loop 
transfer function which cannot be rolled off to OdB at a suitably low frequency using 
simple E/A compensation networks. For this reason a shunt output capacitor is 
often added to supplies which must drive loads having low or indeterminant 
capacitance. 


• Voltage Divider - The output sensing network introduces a gain of R 2 /(Ri + R 2 ). 

• Total Loop Gain, excluding the E/A, is therefore given by: 


Av = 


Vf 


Re 


* pFASS • Zl * 


R2 

Rl + R 2 




Pre\ 
Rbe / 


B. The circuit of Figure 16b has a more straightforward response, since the only element 
(other than the E/A) which introduces any gain is the voltage divider: 


Av = 


R2 

Rl + R 2 
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APPENDIX II - ERROR AMPLIFIER RESPONSE 


Figure 20 shows the open-loop gain and phase response of the UC1834 E/A when 
lightly loaded. The gain curve represents an upper limit on the gain available from the 
compensated amplifier. Note that a second-order pole occurs near 800kHz. Stable 
circuits will require a OdB crossover well below this frequency (fc ^ 500kHz). 


The E/ A can be compensated with or without the use of local feedback. When operated 
without such feedback (Figure 21a) the transconductance properties of the E/A 
become evident; i.e. the voltage gain in given by: 


where: 


Av(E/A) = gM Zc 


1 

7000 ” 


1.4mS 


(f < 500kHz) 



10 100 IK lOK lOOK IM 

FREQUENCY - HERTZ 


Figure 20. Error Amplifier Gain and Phase Frequency Response 

When the E/A has local feedback (Figure 21b), its gain is, to a first approximation, 
independent of transconductance: 


Av(e/a) = 


Zf 

ZiN 


(f< 500kHz) 




Figure 21. E/A Compensation (a.) Without and (b.) With Local Feedback 
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However, the use of local feedback creates an additional loop which must be 
independently stable. The UC1834 has no internal compensation to ensure this 
stability, so additional external compensation is usually required. An 820pF capacitor 
from the E/A output to ground will stabilize this inner voltage loop while also 
enhancing current loop stability. 

An additional drawback to the use of local feedback is that Zp places a DC load on the 
E/A output. With a transconductance amplifier this results in additional input offset 
voltage: 


^ Ie/aout 

This offset results in degradation of DC regulation. The problem can be averted by 
taking local feedback from the emitter of the drive transistor if the driver is configured 
as an emitter-follower. 

Whatever the compensation scheme, the UC1834 E/A output can sink or source a 
maximum of lOOjuA. 

Table 2 shows two typical compensation schemes and the resulting E/A transfer 
functions. The first of these circuits is most widely used. 


Compensation Circuit 

E/A Gain (Av(E/A)(s) 

Poles @ f = 

Zeros (a) f = 

KVo 

Vref 

E/A> f 

’'T 

. gM(l + sRC) 

Ay = 

sC 

0 

1 

277 RC 

( h 

1 1 Cf ^ 


* - Rf 

1 


/\ V ~ 

Rin(1 + S RpCp) 

Itt RpCp 



Table 2. E/A Compensation Circuits and Gain Response 
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APPENDIX III - FREQUENCY RESPONSE OF THE CURRENT LOOP 


• CS/A - Figure 22 shows the open-loop gain and phase response of the UC1834 
CS/ A. This is also a transconductance amplifier, having gM ^ 1/700 = 14mS. The 
voltage gain is analogous to.that of the E/ A. The E/ A compensation impedance (Zc 
or Zf(E/A)) is also seen by the CS/A output. For purposes of small signal AC 
analysis, the CS/A will always see this impedance as being returned to Vin (as 
shown in Figures 16c, d) when the E/A is compensated by either of the methods 
shown in Table 2. 



10 100 IK lOK lOOK IM 

FREQUENCY - HERTZ 



Figure 22. Current Sense Amplifier Gain and Phase Frequency Response 


• Pass Transistor - Introduces current gain p to* the loop transfer of both basic 
configurations (Figures 16c, d). Considerations outlined in Appendix I also apply 
here. 

• Sense Resistor - Resistance value RsENSE appears in transfer function for both 
configurations. 

• Drive Transistor - In the circuit of Figure 16c, Re allows operation of the driver as 
an emitter-follower. Effective conductance is 1 /Re. 
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Closed-loop responses are given by the following: 
for circuit of Figure 16c: 


Ai = gM • Zc • — — • P ■ RseNSE 
Re 

for circuit of Figure 16d: 


Zc 

‘ Zc + iSZL " ^ " *^®®NSE 


f< 500kHz, f< 


^f < 500kHz, f < 



Unitrode Corporation makes no representation that the use 
or interconnection of the circuits described herein will not 
Infringe on existing or future patent rights, nor do the descrip- 
tions contained herein imply .the granting of licenses to 
make, use or sell equipment constructed in accordance 
therewith. 

© 1984 by Unitrode Corporation. All rights reserved. This 
bulletin, or any part or parts thereof, must not be reproduced 
in any form without permission of the copyright owner. 
NOTE: The information presented In this bulletin is believed 
to be accurate and reliable. However, no responsibility is 
assumed by Unitrode Corporation for its use. 
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A 25 WATT OFF-LINE FLYBACK SWITCHING REGULATOR 


Introduction 

This Application Note describes a low cost (less than 
$10.00) switching power supply for applications 
requiring multiple output voltages, e.g. personal 
computers, instruments, etc... The discontinuous 
mode flyback regulator used in this application pro- 
vides good voltage tracking between outputs, which 
allows the use of primary side voltage sensing. This 
sensing technique reduces costs by eliminating the 
need for an Isolated secondary feedback loop. 

The low cost, (8 pin) UC3844 current mode control 
chip employed In this power supply provides 
performance advantages such as: 

1) Fast transient response 

2) Pulse by pulse current limiting 

3) Stable operation 

To simplify drive circuit requirements, a TO-220 
power MOSFET (LIFN833) is utilized for the power 
switch. This switch is driven directly from the output 
of the control chip. 

Power Supply Specifications 

1. Input voltage: 95VAC to 130VAC (50Hz/60Hz) 

2. Output voltage: 

A. +5V, ±5%: 1A to4A load 
Ripple voltage: 50mV P-P Max. 

B. -H 12V, ±3%: 0.1 A to 0.3A load 
Ripple voltage: lOOmV P-P Max. 

C. -12V, ±3%: 0.1 A to 0.3A load 
Ripple voltage: lOOmV P-P Max. 

3. Line Isolation: 3750 Volts 

4. Switching Frequency: 40KHz 

5. Efficiency @ Full Load: 70% 

Basic Circuit Operation 

The 117VAC input line voltage is rectified and 
smoothed to provide DC operating voltage for the 
circuit. When power is initially applied to the circuit, 
capacitor C2 charges through R2. When the voltage 


across C2 reaches a level of 16V the output of IC1 is 
enabled, turning on power MOSFET 01. During the 
on time of Q1, energy is stored in the air gap of trans- 
former (inductor) T1. At this time the polarity of the 
output windings is such that all output rectifiers are 
reverse biased and no energy is transferred. Primary 
current is sensed by a resistor, RIO, and compared to 
a fixed 1 volt reference inside 101. When this level is 
reached, 01 is turned off and the polarity of all 
transformer windings reverses, forward biasing the 
output rectifiers.. All the energy stored is now trans- 
ferred to the output capacitors. Many cycles of this 
store/release action are needed to charge the 
outputs to their respective voltages. Note that 02 
must have enough energy stored initially to keep the 
control circuitry operating until 04 is charged to a 
level of approximately 13V. The voltage across 04 is 
fed through a voltage divider to the error amplifier 
(pin 2) and compared to an internal 2.5V reference. 

Energy stored In the leakage inductance of T1 
causes a voltage spike which will be added to the 
normal reset voltage across T1 when Q1 turns off. 
The clamp consisting of D4, 09 and R12 limits this 
voltage excursion from exceeding the BVDSS rating 
of Q1. In addition, a turn-off snubber made up of D5, 
08 and R11 keeps power dissipation in 01 low by 
delaying the voltage rise until drain current has 
decreased from its peak value. This snubber also 
damps out any ringing which may occur due to 
parasitics. 

Less than 3.5% line and load regulation is achieved 
by loading the output of the control winding, Nc, with 
R9. This resistor dissipates the leakage energy asso- 
ciated with this winding. Note that R9 must be 
isolated from R2 with diode D2, otherwise 02 could 
not charge to the 16V necessary for initial start-up. 

A small filter Inductor In the 5V secondary is added 
to reduce output ripple voltage to less than 50mV. 
This inductor also attenuates any high frequency 
noise. 
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25W OFF-LINE FLYBACK REGULATOR 



Notes: 1. All resistors are Va watt unless noted 
2. See Appendix for construction details 


BLOCK DIAGRAM 



Note: 1. |a/B| A = DIL-8 Pin Number. B = SO-14 Pin Number. 
2. Toggle flip flop used only in 1844 and 1845. 


UC3842/3/4/5 CURRENT MODE PWM CONTROLLER 
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TYPICAL SWITCHING WAVEFORMS 


— Drive waveforms 


"^off — Drive waveforms 



Upper trace: 
Lower trace: 


5V/DIV 

200mA/DIV 


Upper trace: 
Lower trace: 


— Gate to source voitage 

— Gate current 


— Gate to source voltage 

— Gate current 




Upper trace: — Drain to source voltage Upper trace: +5V charging current 

Lower trace: Primary current — Ip Lower trace: +5V output ripple voltage 
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PERFORMANCE DATA 


CONDITIONS 5Vout 


12V out 

“ 12V out 

Low Line (95VAC) 




± 12 @ 

+ 5V @ 1.0A 

5.211 

12.05 

-12.01 

100mA 

4.0A 

4.854 

12.19 

-12.14 

±12 @ 
300mA 

+ 5V @ 1.0A 

5.199 

11.73 

-11.69 


4.0A 

4.950 

11.68 

-11.63 

Nominal Line (120VAC) 




± 12 @ 

-fSV @ 1.0A 

5.220 

12.07 

-12.03 

100mA 

4.0A 

4.875 

12.23 

-12.18 

± 12 @ 
300mA 

+ 5V @ 1.0A 

5.208 

11.73 

-11.68 


4.0A 

4.906 

11.67 

-11.62 

High Line(130VAC) 




± 12 @ 

+ 5V ® 1.0A 

5.207 

12.06 

-12.02 

100mA 

4.0A 

4.855 

12.21 

-12.15 

± 12V @ 
300mA 

+ 5V (g) 1.0A 

5.200 

11.71 

-11.67 


4.0A 

4.902 

11.66 

11.61 

Overall Line and 

Load Regulation 

±3.5% 

±2.3% 

±2.4% 
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PARTS LIST 


IC’s 


IC1 

UC3844 

POWER MOSFET 

Q1 

UFN833 

RECTIFIERS 


D1 

VM68 varo 

D2, D3 

1N3612 

D4, D5 

1N3613 

D6 

USD945 

D7, D8 

UES1002 

CAPACITORS 

C1 

250fiF, 250V 

C2 

lOO^iF, 25V 

C3 

0.22mF, 25V 

C4 

47^F, 25V 

C5 

.OVF, 25V 

C6 

.0047mF, 25V 

C7 

470pF, 25V 

C8 

680pF, 600V 

C9 

3300pF, 600V 


C10, C11 

4700^iF, 10V 

C12, C13 

2200mF, 16V 

C14 

lOOpF, 25V 

RESISTORS 

R1 

5Q, 1W 

R2 

56K, 2W 

R3 

20K 

R4 

4.7K 

R5 

150K 

R6 

10K 

R7 

22Q 

R8 

IK 

R9 

68Q,3W 

R10 

0.55Q, 1W 

R11 

2.7K, 2W 

R12 

4.7K, 2W 

R13 

20K 

MAGNETICS 

T, 

see appendix 

L, 

see appendix 
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APPENDIX 

POWER TRANSFORMER-T1 


Core: Ferroxcube EC-35/3C8 

Gap: 10 mil in each outer leg 


Ferroxcube 

EC-35/3C8 


NOTE: For reduced EMI put gap in center leg only. 
Use 20 mil. 







TRANSFORMER CONSTRUCTION 


Control Winding 
N = 10, AWG 30 
2 in parallel 

+ 5Vout, N=4, AWG26,■ 
6 in parallel 

2 layers 3M mylar tape 


QOOOOOOO 


QQQOQOQOl 


OOOOOOCX1 


OQQQOOOQ 


Bobbin— 35PCB1 




2 layers, 3M mylar tape 


±12V windings N = 9, AWG30 
2 wires in parallel, bifilar wound 

Primary N = 45, AWG 26 


5V OUTPUT INDUCTOR 


N=4, AWG 18 


Ferroxcube 

204 T 250 — 3C8 (toroid) 
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MODELLING, ANALYSIS AND 
COMPENSATION OF THE 
CURRENT-MODE CONVERTER 


Abstract 

As current-mode conversion increases in popularity, several peculiarities associated with fixed-frequency, peak-current 
detecting schemes have surfaced These include instability above 50% duty cycle, a tendencv towards subharmonic 
oscillation, non-ideal loop response, and an increased sensitivity to noise. This paper will attempt to show that the 
performance of any current-mode converter can be improved and at the same time all of the above problems reduced or 
eliminated by adding a fixed amount of “slope compensation” to the sensed current waveform. 


1.0 INTRODUCTION 

The recent introduction of integrated control circuits designed specifically 
for current mode control has led to a dramatic upswing in the 
application of this technique to new designs. Although the advantages of 
current-mode control over conventional voltage-mode control has been 
amply demonstrated (1-5), there still exist several drawbacks to a fixed 
frequency peak-sensing current mode converter. They are (1) open loop 
instability above 50% duty cycle, (2) less than ideal loop response 
caused by peak instead of average inductor current sensing, (3) tendency 
towards subharmonic oscillation, and (4) noise sensitivity, particularly 
when inductor ripple current is small. Although the benefits of current 
mode control will, in most cases, far out-weight these drawbacks, a 
simple solution does appear to be available. It has been shown by a 
number of authors that adding slope compensation to the current 
waveform (Figure 1) will stabilize a system above 50% duty cycle. If 


one is to look further, it becomes apparent that this same compensation 
technique can be used to minimize many of the drawbacks stated above. 
In fact, it will be shown that any practical converter will nearly always 
perform better with some slope compensation added to the current 
waveform. 

The simplicity of adding slope compensation - usually a single resistor - 
adds to its attractiveness. However, this introduces a new problem - that 
of analyzing and predicting converter performance. Small signal AC 
models for both current and voltage-mode PWM’s have been 
extensively developed in the literature. However, the slope compensated 
or “dual control” converter possesses properties of both with an 
equivalent circuit different from, yet containing elements of each. 
Although this has been addressed in part by several authors (f 2), there 
still exists a need for a simple circuit model that can provide both 
qualitative and quantitative results for the power supply designer. 



INDUCTOR 

CURRENT 

SWITCH 

CURRENT 


FIGURE 1 - A CURRENT-MODE CONTROLLED BUCK REGULATOR WITH SLOPE COMPENSATION. 
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The first objective of this paper is to familiarize the reader with the 
peculiarities of a peak-current control converter and at the same time 
demonstrate the ability of slope compensation to reduce or eliminate 
many problem areas. This is done in section 2. Second, in section 3, a 
circuit model for a slope compensated buck converter in continuous 
conduction will be developed using the state-space averaging technique 
outlined in( 1). This will provide the analytical basis for section 4 where 
the practical implementation of slope compensation is discussed. 

2.1 OPEN LOOP INSTABILITY 

An unconditional instability of the inner current loop exists for any fixed 
frequency current-mode converter operating above 50% duty cycle - 
regardless of the state of the voltage feedback loop. While some 
topologies (most notably two transistor forward converters) cannot 
operate above 50% duty cycle, many others would suffer serious input 
limitations if greater duty cycle could not be achieved. By injecting a 
small amount of slope compensation into the inner loop, stability will 
result for all values of duty cycle. Following is a brief review of this 
technique. 




C.) DUTY CYCLE > 0.5 WITH SLOPE COMPENSATION 

FIGURE 2 - DEMONSTRATION OF OPEN LOOP INSTABIUTY IN A 

CURRENT-MODE CONVERTER. 

Figure 2 depicts the inductor current waveform, II, of a current- mode 
converter being controlled by an error voltage Vg. By perturbing the 
current II by an amount A I, it may be seen graphically that A I will 
decrease with time for D < 0.5 (Figure 2 A), and increase with time for 
D > 0.5 (Figure 2B). Mathematically this can be stated as 

= , (') 

Carrying this a step further, we can introduce a linear ramp of slope -m 
as shown in Figure 2C. Note that this slope may either be added to the 
current waveform, or subtracted from the error voltage. This then gives 


AI,=-AIo 

\ m| “T m / 

(2) 

Solving for m at 1 00% duty cycle gives 


m > — '/ 2 m 2 

(3) 

Therefore, to guarantee current loop stability, the slope of the 
compensation ramp must be greater than one-half of the down slope of 
the current waveform. For the buck regulator of Figure 1, m 2 is a 

Vo 

constant equal to — ^ Rg, therefore, the amplitude A of the compensating 

waveform should be chosen such that 


A > T Rs 

(4) 


to guarantee stability above 50% duty cycle. 


2.2 RINGING INDUCTOR CURRENT 

Looking closer at the inductor current waveform reveals two additional 
phenomenon related to the previous instability. If we generalize equation 
2 and plot vs nT for all n as in Figure 3, we observe a damped 
sinusoidal response at one-half the switching frequency, similar to that of 
an RLC circuit. This ring-out is undesirable in that it (a) produces a 
ringing response of the inductor current to line and load transients, and 
(b) peaks the control loop gain at '^h the switching frequency, producing 
a marked tendency towards instability. 



FIGURE 3 - ANALOGY OF THE INDUCTOR CURRENT RESPONSE TO 
THAT OF AN RLC CIRCUIT. 

It has been shown in (1), and is easily verified from equation 2, that by 
choosing the slope compensation m to be equal to —m 2 (the down slope 
of the inductor current), the best possible transient response is obtained. 
This is analogous to critically damping the RLC circuit, allowing the 
current to correct itself in exactly one cycle. Figure 4 graphically 
demonstrates this point Note that while this may optimize inductor 
current ringing, it has little bearing on the transient response of the 
voltage control loop itself. 



FIGURE 4 - FOR THE CASE OF m =-m 2 , A CURRENT PERTURBATION 
WILL DAMP OUT IN EXACTLY ONE CYCLE. 
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2.3 SUBHARMONIC OSCILLATION For steady state condition we can write 


Gain peaking by the inner current loop can be one of the most 
significant problems associated with current-mode controllers. This 
peaking occurs at one- half the switching frequency, and - because of 
excess phase shift in the modulator - can cause the voltage feedback 
loop to break into oscillation at one- half the switching frequency. This 
instability, sometimes called subharmonic oscillation, is easily detected 
as duty cycle asymmetry between consecutive drive pulses in the power 
stage. Figure 5 shows the inductor current of a current-mode controller 
in subharmonic oscillation (dotted waveforms with period 2T). 



FIGURE 5 - CURRENT WAVE FORM (DOTTED) OF A CURRENT-MODE 
CONVERTER IN SUBHARMONIC OSCILLATION. 

To determine the bounds of stability, it is first necessary to develop an 
expression for the gain of the inner loop at one-half the switching 
frequency. The technique used in (2) will be paralleled for a buck 
converter with the addition of terms to include slope compensation. 


Dm, T = (l -D)m2T 
or 

m, — m 2 

By using (9) to reduce (7), we obtain ■ 


( 8 ) 

(9) 


AIl _ 1 

AVe l-2D(l+m/m2) 


( 10 ) 


Now by recognizing that AIl is simply a square wave of period 2T, we 
can relate the first harmonic amplitude to AIl by the factor 4/rr and 
write the small signal gain at f = ‘/ifs as 


Ve l-2D(l+m/m2) ' ' 

If we assume a capacitive load of C at the output and an error amplifier 
gain of A, then finally, the expression for loop gain at f = ‘/i fs is 


Loop gain 


4TA 
n2 C 

1 -2D(1 +m/m2) 


( 12 ) 


2.3.2 USING SLOPE COMPENSATION TO ELIMINATE 
SUBHARMONIC OSCILLATION 

From equation 12, we can write an expression for maximum error 
amplifier gain at f = l^fs to guarantee stability as 


2.3.1 LOOP GAIN CALCULATION AT 

Referring to figures 5 and 6, we want to relate the input stimulus, AVg, 
to an output current, AIl- From figure 5, two equations may be 
written 

AIl = Ad m, T -AD m 2 T (4) 

AVc = AD m, T +AD m 2 T (5) 

Adding slope compensation as in figure 6 gives another equation 
AVe = AVc + 2AD m T (6) 

Using (5) to eliminate AVc from (6) and solving forAlL/AVg yields 


AIl ^ m, - m2 
AVg m, + m 2 + m 



FIGURE 6 - ADDITION OF SLOPE COMPENSATION TO THE CONTROL 
SIGNAL 


1 — 2D (1 + mjmi) 

Amax = 4T (13) 

n2 C 

This equation clearly shows that the maximum allowable error amplifier 
gain, An,ax» is a function of both duty cycle and slope compensation. A 
normalized plot of A^ax versus duty cycle for several values of slope 
compensation is shown in figure 7. Assuming the amplifier gain cannot 
be reduced to zero at f = then for the case of m = 0 (no 
compensation) we see the same instability previously discussed at 50% 
duty cycle. As the compensation is increased to m = —14 m 2 , the point 
of instability moves out to a duty cycle of 1 .0, however in any practical 



FIGURE 7 - MAXIMUM ERROR AMPUFIER GAIN AT V 2 (NORMAUZED) 
V.S. DUTY CYCLE FOR VARYING AMOUNTS OF SLOPE 
COMPENSATION. REFER TO EQUATION 13. 
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system, the finite value of A^ax will drive the feedback loop into 
subharmonic oscillation well before full duty cycle is reached. If we 
continue to increase m, we reach a point, m = —m 2 , where the 
maximum ^ain becomes independent of duty cycle. This is the point of 
critical damping as discussed earlier, and increasing m above this value 
will do little, to improve stability for a regulator operating over the full 
duty cycle range. 


2.4 PEAK CURRENT SENSING VERSUS 
AVERAGE CURRENT SENSING 

True current- mode conversion, by definition, should force the average 
inductor current to follow an error voltage - in effect replacing the 
inductor with a current source and reducing the order of the system by 
one. As shown in Figure 8, however, peak current detecting schemes are 
generally used which allow the average inductor current to vary with 
duty cycle while producing less than perfect input to output - or 
feedforward characteristics. If we choose to add slope compensation 
equal to m = —Vi m 2 as shown in Figure 9, we can convert a peak 
current detecting scheme into an average current detector, again allowing 
for perfect current mode control. As mentioned in the last section, 
however, one must be careful of subharmonic oscillations as a duty 
cycle of 1 is approached when using m = —Vi m 2 . 



FIGURE 8 - PEAK CURRENT SENSING WITHOUT SLOPE COMPENSATION 
ALLOWS AVERAGE INDUCTOR CURRENT TO VARY WITH 
DUTY CYCLE 



FIGURE 9 - AVERAGE INDUCTOR CURRENT IS INDEPENDENT OF DUTY 
CYCLE AND INPUT VOLTAGE VARIATION FOR A SLOPE 
COMPENSATION OF m = -Va mj. 


2.5 SMALL RIPPLE CURRENT 

From. a systems standpoint, small inductor ripple currents are desirable 
for a number of reasons - reduced output capacitor requirements, 
continuous current operation with light loads, less output ripple, etc. 
However, because of the shallow slope presented to the current sense 
circuit, a small ripple current can, in many cases, lead to pulse width 
jitter caused by both random and synchronous noise (Figure 10). Again, 
if we add slope compensation to the current waveform, a more stable 
switchpoint will be generated. To be' of benefit, the amount of slope 
added needs to be significant compared to the total inductor current - 
not just the ripple current This usually dictates that the slope m be 
considerably greater than m 2 and while this is desirable for subharmonic 
stability, any slope greater than m = —Vi m 2 will cause the converter to 
behave less like an ideal current mode converter and more like a voltage 
mode converter. A proper trade-off between inductor ripple current and 
slope compensation can only be made based on the equivalent circuit 
model derived in the next section. 




FIGURE 10 - A LARGE PEDESTAL TO RIPPLE CURRENT RATIO. 


3.0 SMALL SIGNAL A.C. MODEL 


As we have seen, many drawbacks associated with current-mode control 
xan be reduced or eliminated by adding slope compensation in varying 
degrees to the current waveform. In an attempt to determine the full 
effects of this same compensation on the closed loop response, a small 
signal equivalent circuit model for a buck regulator will now be 
developed using the state-space averaging technique developed in (1). 

3.1 A.C. MODEL DERIVATION 

Figure 1 1 a shows an equivalent circuit for a buck regulator power stage. 
From this we can write two state- space averaged differential equations 
corresponding to the inductor current and capacitor voltage as functions 
of duty cycle D 


(H) 

(15) 
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II 


FIGURE 11 - BASIC BUCK CONVERTER (A) AND ITS SMALL SIGNAL 
EQUIVALENT CIRCUIT MODEL (B). 


If we now perturb these equations - that in substitute 
Vi + AVi, Vo + AVo, D +AD and Il+AIl for their respective 
variables - and ignore second order terms, we obtain the small signal 
averaged equations 


^ • _ DAIl AVo , ViAD (16) 

— f: — L~+~Er" 


AV ^'^0 


(17) 


A third equation - the control equation - relating error voltage, Vg, to 
duty cycle may be written from Figure 6 as 


IlRs = Vg - mDT - 


(1 - D) Vq T Rs 
2L 


(18) 


Perturbing this equation as before gives 




Vo\ 


l-D)AVo (19) 


By using 19 to eliminate AD from 16 and 17 we arrive at the state- 
space equations 

( 20 ) 

Al _D.vi AVgVi AVoVi(l-D) AIlVi 

^ L ' RsLT/jn_Vo\ 2L2/m_Vo\ 

\Rs 2L/ \Rs 2L/ \Rs 2L/ 



AVo 

CR 


(21) 


An equivalent circuit model for these equations is shown in Figure 1 IB 
and discussed in the next section. 


3.2 A.C. MODEL DISCUSSION 

The model of Figure 1 IB can be used to verify and expand upon our 
previous observations. Key to understanding this model is the interaction 


between Rx and L as the slope compensation, m is changed In most 
cases, the dependent source between Rx and C can be ignored 


If Rx is much greater than L, as is the case for little or no compensation 
(m = 0), the converter will have a single pole response and act as a true 

current mode converter. If Rx is small compared to L |^m » 

then a double pole response will be formed by the LRC output filter 
similar to any voltage-mode converter. By appropriately adjusting m, 
any condition between these two extremes can be generated. 


Of particular interest is the case when m 


Rs Vq 
2L • 


Since the down 


slope of the inductor current (m 2 from Figure 6) is equal to 


Rs Vq 
L ’ 


we 


can write m = — '/ 2 m 2 . At this point, Rx goes to infinity, resulting in an 
ideal current mode converter. This is the same poinL discussed in 
section 2.4, where the average inductor current exactly follows the error 
voltage. Note that although this compensation is ideal for line rejection 
and loop response, maximum error amp gain limitations as higher duty 
cycles are approached (section 2.3) may necessitate using more 
compensation. 


Having derived an equivalent circuit model, we may now proceed in its 
application to more specific design examples. Figure 12 plots open loop 
ripple rejection ( AVo/AVi) at 120Hz versus slope compensation for a 
typical 1 2 volt buck regulator operating under the following conditions: 

Vo = 12V 

Vi = 25V 

L = 200/jH 

C = 300/L/f 

T = 20iuS 

Rs = .50 

Rl = 10, 126 

Again, as the slope compensation approaches — ‘/ 2 m 2 , the theoretical 
ripple rejection is seen to become infinite. As larger values of m are 
introduced, ripple rejection slowly degrades to that of a voltage-mode 
converter (—6. 4dB for this example). 



FIGURE 12 - RIPPLE REJECTION AT 120Hz V.S. SLOPE COMPENSATION 
FOR lAMP AND 12AMP LOADS. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-91 


PRINTED IN U.S.A. 


APPLICATION NOTE 


U-97 


If a small ripple to D.C. current ratio is used, as is the case for Rl = 

1 ohm in the example, proportionally larger values of slope compensation 
may be injected while still maintaining a high ripple rejection ratio. In 
other words, to obtain a given ripple rejection ratio, the allowable slope 
compensation varies proportionally to the average D.C. current, not the 
ripple current This is an important concept when attempting to 
minimize noise jitter on a low ripple converter. 

Figure 13 shows the small signal loop response versus 

frequency for the same example of Figure 12. The gains have all been 
normalized to zero dB at low frequency to reflect the actual difference in 
frequency response as slope compensation m is varied. At m = —16 n^, 
an ideal single- pole roll-off at 6dB/octave is obtained. As higher ratios 
are used, the response approaches that of a double-pole with a 
12dB/ octave roll-off and associated 180° phase shift 


^ 10 



1 10 100 IK lOK 

FREQUENCY (HERTZ) 

FIGURE 13 - NORMAUZED LOOP GAIN V.S. FREQUENCY FOR VARIOUS 


SLOPE COMPENSATION RATIO’S. 


4.0 SLOPE COMPENSATING THE UC1846 CONTROL I.C. 

Implementing a practical, cost effective current-mode converter has 
recently been simplified with the introduction of the UC1846 integrated 
control chip. This I.C. contains all of the control and support circuitry 
required for the design of a fixed frequency current-mode converter. 
Figures 14A and B demonstrate two alternative methods of implementing 
slope compensation using the UC1846. Direct summing of the 
compensation and current sense signal at Pin 4 is easily accomplished, 
however, this introduces an error in the current limit sense circuitry. The 
alternative method is to introduce the compensation into the negative 
input terminal of the error amplifier. This will only work if (a) the gain 
of the error amplifier is fixed and constant at the switching frequency 
(R 1 /R 2 for this case) and (b) both error amplifier and current amplifier 
gains are taken into consideration when calculating the required slope 
compensation. In either case, once the value of R 2 has been calculated, 
the loading effect on Cj can be determined and, if necessary, a buffer 
stage added as in Figure 14C. 
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(b) SUMMING OF SLOPE COMPENSATION WITH ERROR SIGNAL 



(c) EMITTER FOLLOWER USED TO LOWER OUTPUT IMPEDANCE OF 

OSCILLATOR. 

FIGURE 14 - ALTERNATIVE METHODS OF IMPLEMENTING SLOPE COMPEN- 
SATION WITH THE UC1846 CURRENT-MODE CONTROLLER. 
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A NEW 1C OPTIMIZES 
HIGH SPEED POWER MOSFET DRIVE 
FOR SWITCHING POWER SUPPLIES 


Abstract 

Although touted as a high-impedance, voltage-controlled device, prospective users soon learn that it takes high drive 
currents to achieve high-speed switching with Power MOSFETS. This paper describes the construction techniques which 
lead to the parasitic effects which normally limit FET performance, and discusses several circuit approaches useful to 
improve switching speed. IC drivers optimized for driving FETS are compared and a new high-speed efficient driver is 
introduced. 


INTRODUCTION 

An investigation of Power MOSFET construction techniques will 
identify several parasitic elements which make the highly-touted 
“simple gate drive” of MOSFET devices less than obvious. These 
parasitic elements, primarily capacitive in nature, can require high 
peak drive currents with fast rise times coupled with care that 
excessive di/dt does not cause current overshoot or ringing with 
rectifier recovery current spikes. 

This paper develops a switching model for Power MOSFET devices 
and relates the individual parameters to construction techniques. From 
this model, ideal drive characteristics are defined and practical IC 
implementations are discussed. Specific applications to switch-mode 
power systems involving both direct and transformer coupled drive are 
described and evaluated. 

POWER MOSFET CHARACTERISTICS 

The advantages which power MOSFET s have over their bipolar 
competitors have given them an ever-increasing utilization in power 
systems and, in the process, opened the way to new performance 
levels and new topologies. 

A major factor in this regard is the potential for extremely fast 
switching. Not only is there no storage time inherent with MOSFET s, 
but the switching times can be user controlled to suit the application. 
This, of course, requires that the designer have an understanding of the 
switching dynamics inherent in these devices. Even though power 
MOSFET s are majority carrier devices, the speed at which they can 
switch is dependent upon many parameters and parasitic effects 
related to the device’s constnictioa 


THE POWER MOSFET MODEL 

An understanding of the parasitic elements in a power MOSFET can 
be gained by comparing the construction details of a MOSFET with 
its electrical model as shown in Figure 1. This construction diagram is 
a simplified sketch of a single cell - a high power device such as the 
UFN 150 would have « 20,000 of these cells all connected in 
parallel. 

In operation, when the gate voltage is below the gate threshold, Vg(th), 
the drain voltage is supported by the*N- drain region and its adjacent 
implanted P region and there is no conduction. 

When the gate voltage rises above Vg(th), however, the P area under 
the gate inverts to N forming a conductive layer between the N+ 
source and the N— drain. This allows electrons to migrate from source 
to drain where the electric field in the drain sweeps them to the drain 
terminal at the bottom of the structure. 

In the equivalent electrical model, the parameters are defined as 
follows: 

1. Lg and Rg represent the inductance and resistance of the wire 
bonds between the package terminal and the actual gate, plus the 
resistance of the polysilicon gate runs. 

2. Cl represents the capacitance from the gate to both the N+ 
source and the overlying source interconnecting metal. Its value is 
fixed by the design of the structure. 

3. C2 + C4 represents additional gate-source capacitance into the P 
region. C2 is the dielectric capacitance and is fixed while C4 is 
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FIGURE 1 - SIMPLIFIED CROSS SECTION OF A POWER MOSFET CELL AND ITS ELECTRICAL EQUIVALENT. 


due to the depletion region between source and drain and varies 
with the gate voltage. Its contribution causes total gate-source 
capacitance to increase 10-15% as the gate voltage goes from zero 
to Vg(th). 

4. C3 + C5 is also made up of a fixed dielectric capacitance plus a 
value which becomes significant when the drain to gate voltage 
potential reverses polarity. 

C6 is the drain- source capacitance and while it also varies with 
drain voltage, it is not a significant factor with respect to switching 
times. 


EVALUATING FET PARASITIC ELEMENTS 

Although it is clearly not the best way to drive a power MOSFET, 
using a constant gate current to turn the device on allows visualization 
of the capacitive effects as they affect the voltage waveforms. Thus the 
demonstration circuit of Figure 2 is configured to show the gate 
dynamics in a typical buck-type switching regulator circuit This 
simulates the inductive switching of a large class of applications and is 
implemented here with a UFN-510 FET, which is a 4 amp, lOOV 
device with the following capacitances: 

Ciss « Cl + C4 + C5 = 135 - 150 pF] 

Crss « C5 = 20 - 25 pF Vgs = OV 

Coss « C5 + C6 = 80 - 100 pF I 


V|N = 25V 



T 

i 


r-TL-TL 


25pSEC 


UFN510 

mi 


L= ImH 


nmnnnnn ^ 
USD cn J_ 


Vo=5V 


Z 945 


Co 

200/jf 


X 


LOAD 
2.5 0 



FIGURE 2 - SWITCHING TIME EVALUATION CIRCUIT. 


In this illustration, the load portion of the circuit is established with 
Vin = 25 V, lo = 2 A, and f = 25 Khz. The resultant tum-on waveforms 
are shown in Figure 3 from which the following observations may be made: 



FIGURE 3 - FET TURN-ON SWITCHING CHARACTERISTICS WHEN DRIVEN 
WITH A CONSTANT GATE CURRENT 


1. For a fixed gate drive current, the drain current rise time is 5 times 
faster than the voltage fall time. 

2. There is a 10-15% increase in gate capacitance when the gate voltage 
reaches Vg(th). 

3. The gate voltage remains unchanged during the entire time the drain 
voltage is falling because the Miller effect increases the effective gate 
capacitance. 

4. The input gate capacitance is approximately twice as high when drain 
current is flowing as when it is off. 

5. The drain voltage fall time has two slopes because the effective drain- 
gate capacitance takes a signifcant jump when the drain- gate 
potential reverses polarity. 

6. Unless limited by external circuit inductance, the current rise time 
depends upon the large signal gj^ and the rate of change of gate 
voltage as Zlld = gj^ AVg 
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CHANGES IN EFFECTIVE CAPACITANCE 

The waveform drawings of Figure 4 illustrate the dynamic 
effects which take place during tum-on. As the gate voltage rises from 
zero to threshold, C2 is not significant since C4 is very small. At 
threshold, the drain current rises quickly while the drain voltage is 
unchanged. This, of course, is due to the buck regulator circuit 
configuration which will not let the voltage fall until all the inductor 
current is transfered from the free-wheeling diode to the FET. 



FIGURE 4- PARASITIC CAPACITANCE VARIATION FOR A UFN510 
MOS FET DURING TURN-ON 


While the drain current is increasing, there is a slight increase in the gate 
capacitance due to the large current density underneath the gate in the N- 
region close to the P areas. 

As the drain voltage begins to fall, its slope depends upon gate to drain 
capacitance and not that from gate to source. During this time, all the 
gate current is utilized to charge this gate to drain capacitance and no 
change in gate voltage is observed This capacitance initially increases 
slightly as the voltage across it drops but then there is a significant jump in 
value when the drain voltage falls lower than the gate. When the polarity 
reverses from drain to gate, a surface charge accumulation takes place and 
the entire gate structure becomes part of the gate to drain capacitance. At 
this point the drain voltage fall time slows for the duration of its transition. 


AN OPTIMUM GATE DRIVE 

In most switching power supply applications, if a step ftmction in gate 
current is provided, the drain current rise time is several times faster than 
the voltage fall time. This can result in substantial switching power losses 
which are most often combated by increasing the gate drive current This 
creates a problem, however, in that it further reduces current rise time 
which can cause overshoot ringing, EMI and power dissipation due to 
recovery time for the rectifiers which are much happier with a more slowly 
changing drain current 

In an effort to meet these conflicting requirements, an idealized gate 
current waveform was derived based upon the goal of making the voltage 
fall time equal to the current rise time. This optimum gate current 
waveform is shown in Figure 5 and consists of the following elements. 



FIGURE 5 - AN “IDEAL” GATE CURRENT TURN-ON DRIVE TO PRO- 
VIDE EQUAL CURRENT RISE AND VOLTAGE FALL TIMES 
WITH AN INDUCTIVE LOAD 

1 . An initial fast pulse to get the gate voltage up to threshold 

2. A lesser amount to slow the drain current rise time. This value 
however, will also be a function of the required drain current 

3. Another increase to get the drain voltage to fall rapidly with a large 
current pulse added when the drain gate potential reverses. 

4. A continued amount to allow the gate voltage to charge to its final 
value. 

Obviously this might be a little difficult to implement in exact form, 
however, it can be approximated by a gate current waveform which, 
instead of being constant, has a rise time equal to the desired sum of the 
drain current rise time and the voltage fall time, and a peak value high 
enough to charge the large effective capacitance which appears during the 
switching transition. The peak current requirement can be calculated on 
the basis of defining the amount of charge required by the parasitic 
capacitance through the switching period 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-95 


PRINTED IN U.S.A. 


APPLICATION NOTE 

A linear current ramp will deliver a charge equal to 


Q = 


Ip»ton 

2 


where we define 
ton = td + tri + tfv 


The total charge required for switching is 

Q = Ciss [Vg (th)+— 1 + Crss [VoD-Vg (th)] 4-Crss'Vg (th) 

where Crss’ is the gate-drain capacitance after the polarity has 
reversed during tum-on and is related to Ciss by the basic geometry 
design of the device. A reasonable approximation is that Crss’~ 1.5 
Ciss. With this assumption. 

Ip » ICiss (2.5 Vg (th) ) + Crss ( Vdd - Vg (th) )| 

As an example, if one were to implement a 40 V, lOA buck regulator 
with a UFN150, it would not be unreasonable to extend the total 
switching time to 50 nsec to accomodate rectifier recovery time. An 
optimim drive current for this application would then take 50 nsec to 
ramp from zero to a peak value calculated from 


Ciss = 2000 pF 
Crss == 350 pF 


Vg(th) = 3 V 


ton = 50 nsec 


Vdd = 40 
Id = 10 A 


V 


as Ip = gQ ^ —- . - 9 [2000 X 10'^^(2.5 x 3+^) + 350 x 10'^^(40- 3)] 
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The first PWM IC’s to include FET compatible output stages were ike 
1525A, followed by the 1526. Both of these designs feature push-pull 
outputs, each of which is configured as shown in Figure 7. Again with 
source and sink - this time driven by constant current sources - these 
devices can provide high FET switching drive with low stand-by current 
regardless of the state of the outputs. Frustratingly, these designs also 
suffer from some limitations. First, the maximum peak current is 
approximately amp which is just not adequate for larger geometry 
FETs and, secondly, there are delays in turning off the output transistors 
which allow a high cross conduction current from Vc to ground as the 
conduction of source and sink overlap at each switch transition This 
current spiking is shown in Figure 8 and while its not too much of a 
problem at low frequencies, at 200 KHz the internal power dissipation of 
the IC increases by a factor of 3 - 4. 



/. Ip = 1.32 amps peak 


FIGURE? ■ ONE OF TWO OUTPUT STAGES FOUND IN THE 1525A and 
1527A IC’s 


The above has shown that while high peak currents are necessary for 
fast power MOSFET switching, controlling the rise time of the gate 
current will yield a more well-behaved system with less stress caused 
by rectifier recovery times and capacitance. This type of switching 
requirement can be fulfilled with integrated circuit technology and 
several IC’s have been developed and applied as MOSFET drivers. 

FET DRIVER IC’S 

In searching for IC’s capable of providing the high peak currents required 
by power MOSFETS, one of the first devices which became popular was 
DS(X)26 shown in Figure 6. While this IC was originally designed to be 
a clock driver for MOS logic, it was capable of supplying up to 1 .5 amps 
as either a source or sink. In addition, it was made with a gold doped, 
all-NPN process which minimizes storage delays and, as a result, offers 
transition times of approximately 20 nsec. Its disadvantage is that pull-up 
resistors R3 and R4 require excessive supply current when the output is 
in the low state. 



FIGURE 8 - CROSS-CONDUCTION CURRENT IN THE 1 525A OUTPUT 
STAGE 



FIGURE 6 - A SIMPLIFIED SCHEMATIC OF THE DS0026 DRIVER IC 
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INTRODUCING THE UC1706 

This brings us to a new IC designed specifically as a power MOSFET 
driver compatible with PWM circuits for switching power supplies. As 
seen from the block diagram shown in Figure 9, this device is an interface 
circuit based upon the philosophy that the analog PWM control circuitry 
can best be done on a separate chip from the digital output driving stages. 
The UC1706 is made with a high-speed, high-voltage Schottky clamped 
process and while it isn’t as fast as the DS0026, it does have delay times 
of only lOOnsec while requiring much less supply current 

Referring again to Figure 9 it can be seen that the UC17()6 is designed to 
provide three basic ftmctions: 
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UC1706 BLOCK DIAGRAM 


FLIP FLOP 
ACTIVATE 


A INHIBIT 

REF 

B INHIBIT 

INVERTING 

INPUT 

NON-INVERT 

INPUT 

-ViN 


ANALOG 
STOP (+) 


ANALOG 
STOP (-) 



FIGURES - UC1706 BLOCK DIAGRAM. 


1 . The main feature of this chip is a pair of totem-pole output stages, 
each designed to provide peak currents of 1.5 amp source or sink, 
with a fast turn-off optimized to minimize cross-conduction current 

2. With an internal flip)- flop, the UC1706 will accept a single-ended 
PWM signal and drive the outputs alternately for push-pull or bridge 
applications. This flip>flop can be externally disabled so both outputs 
work in parallel They can then be combined for 3 A peak opieration. 
Inputs can be of either pxilarity insuring compatibility with all 
available PWM chips, Le. UC1840, UC1842, NE5560, MC30060, 
NE5561, etc. 

3. Several protection functions associated with output drive are also 
included in the UC1706.- These include a latching analog comparator 
with a 1 30mV threshold useful for pulse-by- pulse current limiting, an 
inhibit circuit designed for automatic dead-band control when slower 
bipx)lar p)ower transistors are used as the final pDower switch, and 
thermal shutdown for if s own protectioa 


INSIDE THE UC1706 

The schematic of one of the output circuits in the UC1706 is shown in 
Figure 10. While appearing as a fairly conventional totem-pole design, 
the subtleties of this circuit are the slowing of the turn-off of Q3 and the 
addition of Q4 for rapid turn-off of Q8. The result is shown in Figure 1 1 
where it can be seen that while maintaining fast transitions, the cross- 
conduction current spike has been reduced to zero when going low and 
only 20nsec with a high transitioa This offers negligible increase in 
internal circuit dissipation at frequencies in excess of SOOKhz. 



FIGURE 10- ONE OF TWO OUTPUT CIRCUITS CONTAINED WITHIN 
THE UC1706 

The overall transition time through the UC1706 is shown in Figure 12 
- with the upper photograph recording the results with a drive to the 
inverting input while the lower picture is with the norr-inverting input 
drivea Note that the only difference in speed between the two inputs is 
an additional 20nsec delay in turning off when the non-inverting input is 
used. (Note- here and in all further discussions, ON or OFF relates to the 
driven output power switch, i.e., ON is with the UC1706 output high and 
vice versa The shutdown, blanking, and protective functions all force the 
UC1706 output low when active). 
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FIGURE 1 1 - CROSS CONDUCTION CURRENT IN THE UC1 706 OUTPUT 
STAGE 


FIGURE 1 3- PEAK OUTPUT CURRENT WITH BOTH OUTPUTS OF THE 
UC1706 CONNECTED IN PARALLEL. CL = 0.1 


Note that the rise and fall times of the output waveform average 20nsec 
with no load, 40nsec with lOOOpF, and 60nsec when the capacitive load 
is 2200 pF. 




FIGURE 12- SWITCHING RESPONSE WITH OUTPUT CAPACITANCE OF 
0, 1000, AND 2200 PF. 


The peak output current of each output, either source or sink, is 1.5 A but 
with the flip/flop externally disabled, the outputs may be paralled for peak 
currents of 3 amps as shown in Figure 13. Saturation voltage is high at 
this level but falls to under 2V at 500 mA per output 


It should be noted that while optimized for FET drive, the UC1706 is 
equally at home when driving bipolar NPN transistors. The saturation 
voltage in the low state, after the turn-off transient is less than 0.4 volt at 
currents to 50mA. 


The input logic circuitry of the UC1706 is shown in Figure 14. Since it is 
driven from an internally regulated 5 volt supply, TTL compatibility is 
assured with the driving signal only required to sink less than 1.0 mA. 
Input Zener clamps are included so that higher driving voltages may be 
used as long as the current is limited to less than 10 mA. While external 
pull-up resistors may speed-up the drive signal, they are not required 


REGULATED 5V 



FIGURE 14- INPUT LOGIC IN THE UC1706 


The logic configuration is such to favor an output low. To get the output 
high requires both a low Inverting input and a high N.I. input An output 
low is achieved with either a high Inv, input or a low N.I. input To put 
it another way: if the Inv. input is used, the N.I. input must be high or 
open. Using the N.I. input requires that the Inv. input be held low. 
Obviously, one input could be used to override the other to force a 
shutdowa 

Note that the output from the logic gate performs three functions when 
going high: it blanks both output stages to OFF, changes the state of the 
fliivflop, and resets the internal shutdown latch. These last two functions 
require at least 200nsec which means the input signal must have an off- 
time of at least that duration. By triggering the flip-flop from the same 
signal that drives the outputs, double-pulsing is prevented. When one 
output turns off, only the other one can turn on next, regardless of the 
intervening time. 
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SUPPLYING POWER TO THE UC1706 

From the block diagram of Figure 9, note that the UC1706 has two 
supply terminals: Vin on pin 14 and Vc on pin 8. These pins can be 
driven from the same or different voltages and either can range from 5 to 
40 volts. Vin drives both the input logic and the current sources providing 
the pull-up for the outputs. Thus Vin also can be used to activate the 
outputs and no current is drawn from Vc when Vin is low. Thus the 
UC1706 interfaces conveniently with the UC1840 Off-Line PWM 
Controller where low-current start-up is desired. Figure 15 shows this 
application where Vin is powered from the Drive Bias switch in the 
UC1840. In this way, the UC1706 draws no supply current while C2 
initally charges through R3. R3 only has to provide 5.5 mA for the 
UC1840 plus the start threshold divider of R1 and R2. When there is 
adequate charge in-C2, the start command from the UC1840 activates the 
UC1706 which, in turn, drives Q1 bringing up sustaining low- voltage 
power from N2 of the power transformer. 



FIGURE 15- POWERING THE UC1706 FROM THE UC1840 PWM 
CONTROLLER 


In applications where the PWM control is desired to be referenced to the 
load, or secondary side of the isolation transformer, the UC 1706 can still 
be operated on the primary side for direct coupling to the power switch. 
With this topology, a secondary referenced auxilliary power source is 
necessary to operate the control circuitry whose output pulses can be 
either transformer or optically coupled to the input to the UC1706 on the 
primary side. Since only gate capacitance charging current is required 
from the source, at lower frequencies it is feasable to supply all the drive 
power directly from the line via Rin and Cin as shown in Figure 16. 

In this configuration, it’s still helpful to use a threshold switch with 
hysteresis to apply power to the UC1706 so that there is no possibility of 
turning on the power switch until the input voltage is adequate. 

Q1-Q3 implement a discrete version of such a switch. 



Isolation 

FIGURE 1 6 - TRANSISTORS Q1 ■ Q3 FORM A HYSTERESIS SWITCH TO 
ENERGIZE THE UC1706 WHEN THE VOLTAGE ON CIN 
HAS CHARGED TO 1 5V. ISOLATED PWM DRIVE CAN BE 
WITH EITHER AN OPTICAL COUPLER AS SHOWN OR 
WITH A SMALL TRANSFORMER 

DIRECT COUPLED MOSFET DRIVE 

The circuit of Figure 17 shows the simplest interface to a power 
MOSFET - in this case the UFN 150, a large geometry lOOV, 40 A 
device with a gate capacity of typically 2000 pF. Only one output of the 
UC1706 was used for this demonstration and the load was the buck 
regulator circuit described earlier. As indicated by the use of a sense 
resistor in the source line, this circuit was also used to evaluate the 
capability of the latched shutdown comparator as a current limiter. 



FIGURE 17 - DIRECT FET DRIVE WITH THE UC1706 WITH CURRENT 
SENSING IN THE SOURCE LEAD. 
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While directly connecting the FET gate to the output of the UC 1 706 is 
both simple and fast, it must be done with care as any wiring inductance 
can cause severe ringing which could take the gate voltage past its 
allowable limits. Usually, it merely requires some series resistance in the 
gate circuit to damp this ringing, but this is at the expense of switching 
speed as the gate resistance reacts with the input capacitance. Another 
justification erf" gate resistance is to slow switching to accommodate output 
rectifier recovery time as mentioned earlier in this paper. 

For this example, however, maximum speed was desired and considerable 
care was taken to minimize lead inductance with the results as shown in 
Figure 18 and with an expanded time base for tum-on, in Figure 19. 

These photos show the requirements of this FET for one amp peak gate 
current at tum-on and turn-off with the hesitation in gate voltage rise time 
at threshold as the falling drain voltage robs gate current through the gate- 
drain capacitance. The drain current spike at tum-on is due to the recovery 
of the freewheeling diode in the output load. 



FIGURE 18- DIRECT COUPLED POWER MOS FET DRIVE 


In order to evaluate the threshold of the shutdown comparator, the buck 
regulator circuit load on the drain was replaced with a wire wound resistor 
whose inductance provided a slower tum-on of drain current Since it is a 
latching circuit this comparator is another area where considerable care 
must be taken to eliminate the possibility of noise triggering. These 
problems are eased somewhat since the inputs are differential with a large 
common-mode range capability and the threshold of 1 30 mV is built in. 
However, these inputs should still be connected to the current sensor as a 
closely coupled, and perhaps even shielded pair. 



FIGURE 19- DIRECT DRIVE TURN-ON WITH EXPANDED TIME SCALE 

For this example, a 0.1 ohm non-inductive resistor was used as a current 
sensor with a 100 ohm potentiometer used to adjust the current threshold 
to 2 amps. The multiple exposure print of Figure 20 shows the effect of 
increasing load current At 2 amps, the comparator begins to reduce the 
pulse width. As current increases, the comparator is overdriven and its 
response time quickens to approximately 200nsec plus the turrv-off time of 
the power switch. Beyond this point, one must rely on circuit inductance or 
go to more elaborate means to clamp the current 



FIGURE 20- CURRENT LIMITING WITH THRESHOLD SET FOR 2 amps 
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ISOLATED GATE DRIVE 

The single-ended transformer-coupled drive circuit shown in Figure 21 is 
often useful for either isolation or to optimally match the voltage and 
current between the driving source and the gate. In this case, outputs A 
and B were paralleled merely to get close to 100% modulation - the full 
output current capability was not required as the transformer provided 
additional current gain. Since this is a unipolar drive, capacitor Cl is used 
to block the DC voltage and provide adequate volt-seconds for core reset 
C2 and the zener diode provide DC restoration and clamp the gate to only 
one diode drop negative. The 10 V positive clamp of the zener also 
protects the gate from any transient overshoot 


Vc = 20V 



FIGURE 21 - BOTH UC1 706 OUTPUTS ARE COMBINED FOR A SINGLE- 
ENDED TRANSFORMER-COUPLED DRIVE.* 

The criteria for the transformer design was the arbitrary specification to 
keep the magnetization current to less than 50 mA to keep the steady-state 
power consumption low. Magnetization current may be made lower with 
more transformer turns which yields higher leakage inductance and slower 
response. In this circuit, with f = 100 kHz, T = 10 fJ sec, and Vin = 20V, 

ln.-Vin-r_ 20xl0xl0-^ __ 2 mH 
2 Im 2 X 50 X 10 -3 

and since L = Al N2 x 10“6 rnH, for a 181 1P-LOO-3C8 core 


Np = 


Lx10 6 


= 20 turns 


and Ns was made equal to 10 turns for a lOV output 
With this design, the energy stored in the core is 


E = Lm Im2 = .05 


The resultant waveforms through this circuit are shown in Figure 22. 
Note ftiat when switching is complete,the gate circuit goes to a high 
impedance and the transformer leakage inductance causes a slight voltage 
over-shoot at both the gate and at the output of the UC1706. Otherwise, 
these waveforms should be self-explanatory. 



which is considerably below the saturation level of 

^ B^AelexlO'^ 2000^ x .43 x 2.58 x 10 ,,, , 

E = 1 1 .4 L/J 

2iue 2x1930 

The coupling capacitor value was defined by setting a requirement that it 
charge to no more than 10% of Vin with each pulse. 

r Im r 50 x 10 x 10 X 10'^ 

'-l = = = .25 l/F 

0.1 Vin 0.1x20 ^ 

^Circuit design courtesy of J. Potasse, Canadair Limited. 


FIGURE 22 - SINGLE ENDED TRANSFORMER COUPLED PERFORMANCE 


PUSH-PULL TRANSFORMER COUPLING 

The totem-pole outputs of the UC1706 can easily be interfaced for 
balanced transformer drive as shown in Figure 23. A and B outputs are 
alternating now as the internal flip-flop is active and the output frequency 
is halved Note that when one UC1706 output goes high, the other is 
held low and both are low during the dead time between output pulses. 
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FIGURE 23 ■ BALANCED PUSH-PULL TRANSFORMER coupling 

For this circuit, the same transformer as in the previous example was used 
except that now there are two identical secondary windings. With 
balanced operation, no coupling capacitor is necessary as there is no net 
DC current through the primary. 

One precaution which must be taken however, is that transformer leakage 
inductance may force the output of the UC 1706 negative when it turns 
off. If both the frequency and current are low, the output diodes in the 
UC1706 may suffice for clamping. Otherwise, external diodes as shown 
in Figure 23 should be added. An added complication of transformer 
leakage inductance is the requirement for snubbing circuits to keep the gate 
voltage ringing under control 

Again, waveforms at all significant points within this circuit are shown in 
Figure 24. 


A SQUARE WAVE INVERTER EXAMPLE 

To illustrate the usage of the UC1706 as a bipolar transistor switch driver, 
a simple square wave generator is shown in Figure 25, with the operating 



FIGURE 24 ■ BALANCED PUSH-PULL TRANSFORMER COUPLING 
PERFORMANCE. 



FIGURE 25 - A SQUARE WAVE INVERTER CIRCUIT USING THE UC1706 TO DRIVE 
BIPOLAR TRANSISTOR SWITCHES. 


Rl 
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circuit waveforms pitured in Figure 26. This application demonstrates the 
advantages in using the UC1706 to efficiently drive relatively slow 
transistors in high-speed applications. 



FIGURE 26- BIPOLAR SQUARE WAVE GENERATOR WAVEFORMS 

This circuit starts with a 555 timer oscillating at 200 kHz to establish the 
operating frequency of the inverter at 100 kHz. 

Its output triggers the 74121 one-shot which provides an input pulse to the 
UC1706. This signal is actually the off-time or blanking pulse to the 
outputs. For an ideal push-pull square wave generator, its pulse width 
should be zero. If the storage time of the power switches were a known 
constant, then this pulse width could be adjusted such that one switch 
turns on just as the other comes out of saturation. Since this is not very 
realistic and since the UC1706 needs 200nsec to switch from one ouq)ut 
to the other, that’s the pulse width set by the one-shot 


The high-current output from the UC1706 is utilized with .047 mfd speed- 
up capacitors to provide one amp of peak tunvon current 100 mA of 
drive, and 1.5 A turn-off, thus reducing the typical 2 micro- second turn-off 
time of the TIP-3 1 to approximately 400nsec. Since this is still longer 
then the blanking pulse, conduction overlap would take place were it not 
for the use of the inhibit circuit of the UC1706 which is connected to the 
outputs through the 1N914 diodes. This circuit insures that regardless of 
the input, side A will not turn on until the diode connected to side B’s 
collector rises above the reference established by the 3K/2K divider. 
Wayeform photos of this inhibit action are shown in Figure 27. There is 
now a dead time resulting from the inhibit delay in the UC1706 plus the 
tum-on delay of the TIP-3 1 which can be used to advantage to allow time 
for the output rectifiers to recover. 



FIGURE 27- SQUARE WAVE GENERATOR OUTPUT WITH INHIBIT - 
CONTROLLED DEADBAND 
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SUMMARY 

This paper has attempted to present an understanding of the dynamics of 
high-speed power MOSFET switching to aid in defining optimum gate 
drive signals to meet specific applications. The need for high peak gate 
currents with controlled rise times has led to the development of several 
integrated circuits aimed toward these goals. The most recent of these, the 
UCl 706, provides high-speed response, three amps of peak current, and 
the ease of implementing either direct or transformer drive to a broad range 
of MOS FET devices. With this new device one more specialized 
function has been developed to further aid the power supply designer 
simplify his tasks. 
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UC3842/3/4/5 PROVIDES LOW-COST 
CURRENT-MODE CONTROL 


INTRODUCTION 

The fundamental challenge of power supply design is to 
simultaneously realize two conflicting objectives: good 
electrical performance and low cost. The UC3842/3/4/5 
Is an integrated pulse width modulator (PWM) designed 
with both these objectives in mind. This IC provides de- 
signers an inexpensive controller with which they can ob- 
tain all the performance advantages of current mode op- 
eration. In addition, the UC3842 series is optimized for ef- 
ficient power sequencing of off-line converters, DC to DC 
regulators and for driving power MOSFETs or transistors. 

This application note provides a functional description of 
the UC3842 family and highlights the features of each in- 
dividual member, the UC3842, UC3843, UC3844 and 
UC3845. Throughout the text, the UC3842 part number 
will be referenced, however the generalized circuits and 
performance characteristics apply to each member of the 
UC3842 series unless otherwise noted. A review of cur- 
rent mode control and its benefits is included and meth- 
ods of avoiding common pitfalls are mentioned. The final 
section presents designs of power supplies utilizing 
UC3842 control. 


CURRENT-MODE CONTROL 

Figure 1 shows the two-loop current-mode control system 
In a typical buck regulator application. A clock signal Initi- 
ates power pulses at a fixed frequency. The termination of 
each pulse occurs when an analog of the Inductor current 
reaches a threshold established by the error signal. In this 
way the error signal actually controls peak inductor cur- 
rent. This contrasts with conventional schemes in which 
the error signal directly controls pulse width without regard 
to Inductor current. 

Several performance advantages result from the use of 
current-mode control. First, an input voltage feed-forward 
characteristic is achieved; i.e., the control circuit instanta- 
neously corrects for input voltage: variations without using 
up any of the error amplifier’s dynamic range. Therefore, 
line regulation Is excellent and the error amplifier can be 
dedicated to correcting for load variations exclusively. 

For converters in which inductor current is continuous, 
controlling peak current is nearly equivalent to controlling 
average current. Therefore, when such converters employ 
current-mode control, the inductor can be treated as an 



CLOCK 

Verror 

VSENSE 


Jl/L/L 


OUTPUT JTJUl. 
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Figure 1. Two-Loop Current-Mode Control System 
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error-voltage-controlled-current-source for the purposes of 
small-signal analysis. This is illustrated by Figure 2. The 
two-pole control-to-output frequency response of these 
converters is reduced to a single-pole (filter capacitor in 
parallel with load) response. One result is that the error 
amplifier compensation can be designed to yield a stable 
closed-loop converter response with greater gainband- 
width than would be possible with pulse-width control, giv- 
ing the supply improved small-signal dynamic response to 
changing loads. A second result is that the error amplifier 
compensation circuit becomes simpler, as illustated in Fig- 
ure 3. Capacitor Cj and resistor Rjz in Figure 3a add a low 
frequency zero which cancels one of the two control-to- 
output poles of non-current-mode converters. For large- 
signal load changes, in which converter response is limit- 
ed by Inductor slew rate, the error amplifier will saturate 
while the inductor Is catching up with the load. During this 
time, Cj will charge to an abnormal level. When the Induc- 
tor current reaches its required level, the voltage on Q 


causes a corresponding error in supply output voltage. 
The recovery time is RjzCj, which may be quite long. How- 
ever, the compensation network of Figure 3b can be used 
where current-mode control has eliminated the inductor 
pole. Large-signal dynamic response is then greatly im- 
proved due to the absence of Cj. 

Current limiting is greatly simplified with current-mode con- 
trol. Pulse-by-pulse limiting is, of course, inherent in the 
control scheme. Furthermore, an upper limit on the peak 
current can be established by simply clamping the error 
voltage. Accurate current limiting allows optimization of 
magnetic and power semiconductor elements while ensur- 
ing reliable supply operation. 

Finally, current-mode controlled power stages can be op- 
erated In parallel with equal current sharing. This opens 
the possibility of a modular approach to power supply de- 
sign. 


ViN 
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Figure 2. Inductor Looks Like a Current Source to Small Signals 



A) Direct Duty Cycle Control 



Figure 3. Required Error Amplifier Compensation for Continuous Inductor Current Designs 
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THE UC3842/3/4/5 SERIES 

DESCRIPTION 

The UC1 842/3/4/5 family of control ICs provides the nec- 
essary features to implement off-line or DC to DC fixed 
frequency current mode control schemes with a minimal 
external parts count. Internally implemented circuits in- 
clude under-voltage lockout featuring start up current less 
than 1 mA, a precision reference trimmed for accuracy at 
the error amp input, logic to insure latched operation, a 
PWM comparator which also provides current limit control, 
and a totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for driving ei- 
ther N Channel MOSFETs or bipolar transistor switches, is 
low in the off state. 

Differences between members of this family are the un- 
der-voltage lockout thresholds and maximum duty cycle 
ranges. The UC1842 and UC1844 have UVLO thresholds 
of 16V (on) and 10V (off), ideally suited to off-line applica- 
tions. The corresponding thresholds for the UC1843 and 
UC1845 are 8.5V and 7.9V. The UC1842 and UC1843 can 
operate to duty cycles approaching 100%. A range of 
zero to <50% is obtained by the UC1844 and UC1845 by 
the addition of an internal toggle flip flip which blanks the 
output off every other clock cycle. 


1C SELECTION GUIDE 


UVLO 

MAXIMUM DUTY CYCLE 

START 

<50% 

<100% 

8.5V 

UC3845 

UC3843 

16V 

UC3844 

UC3842 


OF CURRENT-MODE PWM IC’S 

FEATURES 

• Optimized for Off-Line and DC to DC Converters 

• Low Start Up Current (<1 mA) 

• Automatic Feed Forward Compensation 

• Pulse-By-Pulse Current Limiting 

® Enhanced Load Response Characteristics 

• Under-Voltage Lockout with Hysteresis 
® Double Pulse Suppression 

• High Current Totem Pole Output 

• Internally Trimmed Bandgap Reference 
® 500 kHz Operation 

® Low Rq Error Amp 


RECOMMENDED USAGE 


APPLICATION 

POWER SUPPLY INPUT (V) \ 

(CIRCUIT) 

HIGH (OFFLINE) 

LOW (DC/DC) 

FLYBACK 

UC3844 

UC3845 

FORWARD 

UC3844/2 

UC3845/3 

BUCK/BOOST 

UC3842/4 

UC3843/5 



♦3844 and 3845 Only 

Figure 4 
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UNDER-VOLTAGE LOCKOUT 

The UVLO circuit insures that Vcc is adequate to make 
the UC3842/3/4/5 fully operational before enabling the 
output stage. Figure 5 shows that the UVLO turn-on and 
turn-off thresholds are fixed internally at 16V and 10V re- 
spectively. The 6V hysteresis prevents Vcc oscillations 
during power sequencing. Figure 6 shows supply current 
requirements. Start-up current is less than 1 mA for effi- 
cient bootstrapping from the rectified input of an off-line 
converter, as illustrated by Figure 6. During normal circuit 
operation, Vcc 'S developed from auxiliary winding Waux 
with Di and C|n. At start-up, however, C|n must be 
charged to 16V through R|n. With a start-up current of 1 
mA, Rim can be as large as 100 kft and still charge C|n 
when Vac 90V RMS (low line). Power dissipation in 
Rin would then be less than 350 mW even under high line 
(Vac = 1 30V RMS) conditions. 

During UVLO; the output driver is In a low state. While it 
doesn’t exhibit the same saturation characteristics as nor- 
mal operation, it can easily sink 1 milliamp, enough to in- 
sure the MOSFET is held off. 



ON/OFF COMMAND 
TO REST OF IC 




UC1842 

UC1844 

UC1843 

UC1845 



16V 

8.4V 

Vqff 

10V 

7.6V 


Figure 5 


Ice 
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Figure 6. During Under-Voitage Lockout, the output 
driver is biased to sink minor amounts of 
current. 

OSCILLATOR 

The UC3842 oscillator is programmed as shown in Figure 
8. Timing capacitor Cj is charged from Vref (5V) through 
the timing resistor Rj, and discharged by an internal cur- 
rent source. 

The first step in selecting the oscillator components is to 
determine the required circuit deadtime. Once obtained. 
Figure 9 is used to pinpoint the nearest standard value of 
Cj for a given deadtime. Next, the appropriate Rj value is 
interpolated using the parameters for Cj and oscillator 
frequency. Figure 10 illustrates the Rj/Ct combinations 
versus oscillator frequency. The timing resistor can be cal- 
culated from the following formula. 

Fosc (kHz) = 1.72 / (Rt (k) X Ct (fxf)) 

The UC3844 and UC3845 have an internal divide-by-two 
flip-flop driven by the oscillator for a 50% maximum duty 
cycle. Therefore, their oscillators must be set to run at 
twice the desired power supply switching frequency. The 
UC3842 and UC3843 oscillator runs AT the switching fre- 
quency. Each oscillator of the UC3842/3/4/5 family can 
be used to a maximum of 500 kHz. 



Figure 7. Providing Power to the UC3842/3/4/5 
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MAXIMUM DUTY CYCLE 


CURRENT SENSING AND LIMITING 


The UC3842 and UC3843 have a maximum duty cycle of 
approximately 100%, whereas the UC3844 and UC3845 
are clamped to 50% maximum by an internal toggle flip 
flop. This duty cycle clamp is advantageous in most fly- 
back and forward converters. For optimum IC perform- 
ance the deadtime should not exceed 1 5% of the oscilla- 
tor clock period. 

During the discharge, or “dead" time, the internal clock 
signal blanks the output to the low state. This limits the 
maximum duty cycle Dmax to: 

DmAX = 1 - (toEAD / tpERioo) UC3842/3 

Dmax = 1 - OdEAD / 2 X tpERioo) UC3844/5 
where Tperiod = 1 / F oscillator 


I 
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Figure 8 

Deadtime vs Cj (Rj > 5k) 



CT-(nF) 
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Figure 9 

Timing Resistance vs Frequency 
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Figure 10 


The UC3842 current sense input is configured as shown 
in Figure 12. Current-to-voltage conversion is done exter- 
nally with ground-referenced resistor Rs- Under normal 
operation the peak voltage across Rs is controlled by the 
E/A according to the following relation: 

VC-1.4V 

where Vc = control voltage = E/A output voltage. 

Rs can be connected to the power circuit directly or 
through a current transformer, as Figure 11 illustrates. 
While a direct connection is simpler, a transformer can re- 
duce power dissipation in Rs, reduce errors caused by the 
base current, and provide level shifting to eliminate the re- 
straint of ground-referenced sensing. The relation be- 
tween Vc and peak current in the power stage is given by: 


i(pk) = N 


(^) 


N 

3 Rs 



1.4V 


) 


where: N = current sense transformer turns ratio 
= 1 when transformer not used. 


For purposes of small-signal analysis, the control-to- 
sensed-current gain is: 


'(Pk) ^ JL 

Vc 3 Rs 

When sensing current in series with the power transistor, 
as shown in Figure 11, the current waveform will often 
have a large spike at its leading edge. This is due to recti- 
fier recovery and/or inter-winding capacitance in the pow- 
er transformer. If unattenuated, this transient can prema- 
turely terminate the output pulse. As shown, a simple RC 
filter is usually adequate to suppress this spike. The RC 
time constant should be approximately equal to the cur- 
rent spike duration (usually a few hundred nanoseconds). 

The inverting input to the UC3842 current-sense compara- 
tor Is internally clamped to IV (Figure 12). Current limiting 
occurs if the voltage at pin 3 reaches this threshold value, 
i.e., the current limit is defined by: 

N X IV 
■max “ □ 

ns 

h n 
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Figure 11. Transformer-Coupled Current Sensing 
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Figure 12. Current Sensing 
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ERROR AMPLIFIER 

The error amplifier (E/A) configuration is shown in Figure 
13. The non-inverting input is not brought out to a pin, but 
is internally biased to 2.5V ± 2%. The E/A output is 
available at pin 1 for external compensation, allowing the 
user to control the converter’s closed-loop frequency re- 
sponse. 

Figure 14 shows an E/A compensation circuit suitable for 
stabilizing any current-mode controlled topology except for 
flyback and boost converters operating with inductor cur- 
rent. The feedback components add a pole to the loop 
transfer function at fp = VaTT Rp.Cp. Rr and Cp are cho- 
sen so that this pole cancels the zero of the output filter 
capacitor ESR in the power circuit. R| and Rp fix the low- 
frequency gain. They are chosen to provide as much gain 
as possible while still allowing the pole formed by the out- 
put filter capacitor and load to roll off the loop gain to uni- 
ty (0 dB) at f ~ fswiTCHlNG/4. This technique insures 
converter stability while providing good dynamic response. 



Figure 14. Compensation 

The E/A output will source 0.5 mA amd sink 2 mA. A low- 
er limit for Rp is given by: 


Rf(MIN) ~ 


VeAOUT(MAX) ~ 2.5V 
0.5 mA 


6V - 2.5V 
0.5 mA 


= 7ka. 
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E/A input bias curret (2 jxA max) flows through R|, result- 
ing in a DC error in output voltage (Vq) given by: 

AVo(maX) = (2 m-A) R|, 

It is therefore desirable to keep the value of R|, as low as 
possible. 

Figure 1 5 shows the open-loop frequency response of the 
UC3842 E/A. The gain represents an upper limit on the 
gain of the compensated E/A. Phase lag increases rapidly 
as frequency exceeds 1 MHz due to second-order poles 
at 10 MHz and above. 

Continuous-inductor-current boost and flyback converters 
each have a right-half-plane zero in their transfer function. 
An additional compensation pole is needed to roll off loop 
gain at a frequency less than that of the RHP zero. Rp 
and Cp in the circuit of Figure 16 provide this pole. 

TOTEM-POLE OUTPUT 

The UC3842 PWM has a single totem-pole output which 
can be operated to ±1 amp peak for driving MOSFET 
gates, and a ± 200 mA average current for bipolar power 


transistors. Cross conduction between the output transis- 
tors is minimal, the average added power with V|n = 30V 
is only 80 mW at 200 kHz. 

Limiting the peak current through the 1C is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET. The value is determined by di- 
viding the totem-pole collector voltage Vc by the peak 
current rating of the IC’s totem-pole. Without this resistor, 
the peak current is limited only by the dV/dT rate of the 
totem-pole switching and the FET gate capacitance. 

The use of a Schottky diode from the PWM output to 
ground will prevent the output voltage from going exces- 
sively below ground, causing instabilities within the 1C. To 
be effective, the diode selected should have a forward 
drop of less than 0.3V at 200 mA. Most 1- to 3-amp 
Schottky diodes exhibit these traits above room tempera- 
ture. Placing the diode as physically close to the PWM as 
possible will enhance circuit performance. Implementation 
of the complete drive scheme is shown in the following di- 
agrams. Transformer driven circuits also require the use of 
the Schottky diodes to prevent a similar set of circum- 
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Figure 15. Error Amplifier Open-Loop Frequency Response 
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Figure 16. E/A Compensation Circuit for Continuous Boost and Flyback Topologies 
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stances from occurring on the PWM output. The ringing 
below ground is greatly enhanced by the transformer leak- 
age inductance and parasitic capacitance, in addition to 
the magnetizing inductance and FET gate capacitance. 
Circuit implementation is similar to the previous example. 

Figures 18, 19 and 20 show suggested circuits for driving 
MOSFETs and‘ bipolar transistors with the UC3842 output. 
The simple circuit of Figure 18 can be used when the 
control 1C is not electrically isolated from the MOSFET 
turn-on and .turn-off to ± 1 amp. It also provides damping 
for a parasitic tank circuit formed by the FET input capaci- 
tance and series wiring inductance. Schottky diode D1 
prevents the output of the 1C from going far below ground 
during turn-off. 



OUTPUT CURRENT SOURCE OR SINK -(A) 
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Figure 17. Output Saturation Characteristics 


20 TO 30V 



Figure 19 shows an isolated MOSFET drive circuit which 
is appropriate when the drive signal must be level shifted 
or transmitted across an isolation boundary. Bipolar tran- 
sistors can be driven efficiently with the circuit of Figure 
20. Resistors Ri and R 2 fix the on-state base current 
while capacitor C-j provides a negative base current pulse 
to remove stored charge at turn-off. 

Since the UC3842 series has only a single output, an in- 
terface circuit is needed to control push-pull half or full 
bridge topologies. The UC3706 dual output driver with in- 
ternal toggle flip-flop performs this function. A circuit ex- 
ample at the end of this paper illustrates a typical applica- 
tion for these two ICs. Increased drive capability for driv- 
ing numerous FETs In parallel, or other loads can be ac- 
complished using one of the UC3705/6/7 driver ICs. 


10 TO 20V 



Figure 18. Direct MOSFET Drive 


12 TO 20V 
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Figure 20. Bipoiar Drive with Negative Turn-Off Bias 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-112 


PRINTED IN U.S.A. 





APPLICATION NOTE 


U-100A 


SLOPE COMPENSATION 

Current mode control regulates the PEAK inductor current 
via the “inner” or current control loop. In a continuous 
mode (buck) converter, however, the output current is the 
AVERAGE inductor current, composed of both an AC and 
DC component. 

AVERAGE CURRENT 

At high values of V|n, the AC current in both the primary 
and the secondary is at its maximum. This is represented 
graphically by duty cycle D-i, the corresponding average 
current li, and the ripple current d(l1). As V|n decreases 
to its minimum at duty cycle, the ripple current also is at 
its minimum amplitude. This occurs at duty cycle D 2 of av- 
erage current I 2 and ripple current d(l2). Regulating the 
peak primary current (current mode control) will produce 
different AVERAGE output currents I 1 , and I 2 for duty cy- 
cles Di and D 2 . The average current INCREASES with 
duty cycle when the peak current is compared to a fixed 
error voltage. 


CONSTANT OUTPUT CURRENT 

To maintain a constant AVERAGE current, independent of 
duty cycle, a compensating ramp is required. Lowering the 
error voltage precisely as a function of Tqn will terminate 
the pulse width sooner. This narrows the duty cycle creat- 
ing a CONSTANT output current independent of Tqn. or 
V|N. This ramp simply compensates for the peak to aver- 
age current differences as a function of duty cycle. Output 
currents l-| and I 2 are now identical for duty cycles Di and 
□2. 

DETERMINING THE RAMP SLOPE 

Mathematically, the slope of this compensating ramp must 
be equal to one-half (50%) the downslope of' the output 
inductor as seen from the control side of the circuit. This 
is proven in detail in “Modelling, Analysis and Compensat- 
ing of the Current Mode Controller,” (Unitrode publication 
U-97 and its references). Empirically, slightly higher values 
of slope compensation (75%) can be used where the AC 
component is small in comparison to the DC pedestal, 
typical of a continuous converter. 
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Figure 22. Constant Average Current 
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CIRCUIT IMPLEMENTATION 

In a current mode control PWM IC, the error voltage is 
generated at the output of the error amplifier and com- 
pared to the primary current at the PWM comparator. At 
this node, subtracting the compensating ramp from the er- 
ror voltage, or adding it to the primary current sense input 
will have the same effect: to decrease the pulse width as 
a function of duty cycle (time). It is more convenient to 
add the slope compensating ramp to the current input. A 
portion of the oscillator waveform available at the timing 
capacitor (Cj) will be resistively summed with the primary 
current. This is entered to the PWM comparator at the 
current sense input. 

PARAMETERS REQUIRED FOR SLOPE 
COMPENSATION CALCULATIONS 

Slope compensation can be calculated after specific pa- 
rameters of the circuit are defined and calculated. 

SECTION PARAMETER 

Control T on (Max) Oscillator 

AV Oscillator (PK-PK Ramp Amplitude) 

I Sense Threshold (Max) 

Output V Secondary (Min) 

L Output 
I AC Secondary 
(Secondary Ripple Current) 

General R Sense (Current Sensing Resistor) 

M (Amount of Slope Compensation) 

N Turns Ratio (Np/Ns). 

Once obtained, the calculations for slope compensation 
are straightforward, using the following equations and dia- 
grams. 


suppress the leading edge glitch of the primary current 
wave. The ratio of resistor R 2 to Ri will determine the ex- 
act amount of slope compensation added. 

For purposes of determining the resistor values, capaci- 
tors Cj (timing), Ci (coupling), and C2 (filtering) can be re- 
moved from the circuit schematic. The oscillator voltage 
(Vosc) is the peak-to-peak amplitude of the sawtooth 
waveform. The simplified model is represented schemati- 
cally In the following circuit. 

These calculations can be applied to all current mode 
converters using a similar slope compensating scheme. 
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Figure 24. Simplified Circuit 

Step 1. Calculate the Inductor Downslope 

S(L) = di/dt = Vsec/I-SEC (Amps/Second) 

Step 2. Calculate the Reflected Downslope to the Primary 
S(L)' = S(L)/N (Amps/Second) 

Step 3. Calculate Equivalent Downslope Ramp 

V S(L)' = S(L)' X R sense (Volts/Second) 

Step 4. Calculate the Oscillator Charge Slope 

V S(osc) = d(Vosc)/Ton (Volts/Second) 



Figure 23. General Circuit 



Resistors Ri and R 2 form a voltage divider from the oscil- 
lator output to the current sense input, superimposing the 
slope compensation on the primary current waveform. Ca- 
pacitor Ci is an AC coupling capacitor, and allows the AC 
voltage swing of the oscillator to be used without adding 
offset circuitry. Capacitor C 2 forms an R-C filter with R-| to 


Step 5. Generate the Ramp Equations Using superposi- 
tion, the circuit can be illustrated as: 



Figure 25. Superposition 


. , V S(L)' X R 2 V S(OSC) X Rl . ... . 

V(RAMP) = + simplifying. 


V(RAMP) = V S(L)" + V S(COMP) 


V S(L)^ X R 2 

Rl + R2 
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step 6. Calculate Slope Compensation 
V S(coMP) = M X S(L)" where M is the amount of induc- 
tor downslope to be introduced. 


r- .. V S(osc) X 
Equating 

solving for R 2 


M X V S(L)* X Rg 
R-l + Rg 


Rg = Rl X 


V S(Qsc) 
VS(L)' X M 


Equating Ri to 1 k.Clt simplifies the above calculation and 
selection of capacitor Cg for filtering the leading edge 
glitch. Using the closest standard value to the calculated 
value of Rg will minimally effect the exact amount of 
downslope introduced. It is important that Rg be high 
enough in resistance not to load down the I.C. oscillator, 
thus causing a frequency shift due to the slope compen- 
sation ramp to Rg. Greater flexibility can be accommodat- 
ed by adding an emitter follower buffer between Cj and 
C-|, Rg-Ri divider shown in Figure 23. 


PWM LATCH 


This flip-flop, shown in Figure 4, ensures that only a single 
pulse appears at the UC3842/3/4/5 output in any one os- 
cillator period. Excessive power transistor dissipation and 
potential saturation of magnetic elements are thereby 
averted. 


SHUTDOWN TECHNIQUE 

Shutdown of the UC3842 can be accomplished by two 
methods; either raise pin 3 above 1V, Figure 26A, or pull 
pin 1 below 1V as shown in Figure 26B. Either method 
causes the output of the PWM comparator to be high (re- 
fer to block diagram. Figure 4). The PWM latch is reset 
dominant so that the output will remain low until the first 
clock pulse following removal of the shutdown signal at 
pin 1 or pin 3. As shown in Figure 27, an externally 
latched shutdown can be accomplished by adding an SCR 
which will be reset by cycling Vcc below the lower under- 
voltage lockout threshold (10V). At this point all internal 
bias is removed, allowing the SCR to reset. 

LATCHED SHUTDOWN 


Q1-2N2907A I 



Figure 27 


ACTIVE LOW 



A. NONLATCHING 

Figure 26A. PWM Shutdown Circuit 


ACTIVE HIGH 



B. NONLATCHING 
Figure 26B 


SOFT START 

Upon power-up, it is sometimes desirable to gradually wid- 
en the output pulse width beginning at zero pulse width. 
Since the UC3842 1C does not internally Include a soft 
start function, it must be added externally. Using three 
components, an R/C network provides the time constant 
to control the rate of rise of the error amplifier output. A 
transistor is used to sink the maximum error amp output 
current, and isolate the R/C network during normal PWM 
activities. 
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Figure 29. Soft Start Circuit 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-115 


PRINTED IN U.S.A. 


APPLICATION NOTE 


U-100A 


NOISE 

As mentioned earlier, noise on the current sense or con- 
trol signals can cause significant pulse-width jitter, particu- 
larly with continuous-inductor-current designs. While slope 
compensation helps alleviate this problem, a better solu- 
tion is to minimize the amount of noise. In general, noise 
immunity improves as impedances decrease at critical 
points In a circuit. 

One such point for a switching supply is the ground line. 
Small wiring Inductances between various ground points 
on a PC board can support common-mode noise with suf- 
ficient amplitude to interfere with correct operation of the 
modulating IC. A copper ground plane and separate return 
lines for high-current paths greatly reduce common-mode 
noise. Note that the UC3842 has a single ground pin. 
High sink currents in the output therefore cannot be re- 
turned separately. 

Ceramic monolythic bypass capacitors (0.1 jmF) from Vcc 
and Vref to ground will provide low-impedance paths for 
high frequency transients at those points. The input to the 
error amplifier, however. Is a high-impedance point which 
cannot be bypassed without affecting the dynamic re- 
sponse of the power supply. Therefore, care should be 
taken to lay out the board in such a way that the feed- 
back path Is far removed from noise generating compo- 
nents such as the power transistor(s). 

Figure 30 illustrates another common noise-induced prob- 
lem. When the power transistor turns off, a noise spike is 
coupled to the oscillator Rj/Ct terminal. At high duty cy- 
cles the voltage at Rj/Cj is approaching its threshold lev- 
el (~2.7V, established by the internal oscillator circuit) 
when this spike occurs. A spike of sufficient amplitude will 
prematurely trip the oscillator as shown by the dashed 
lines. In order to minimize the noise spike, choose Cj as 
large as possible, remembering that deadtime increases 
with Cj. It is recommended that Cj never be less than 
~ 1 000 pF. Often the noise which causes this problem Is 
caused by the output (pin 6) being pulled below ground at 
turn-off by external parasitics. This is particularly true 


when driving MOSFETs. A Schottky diode clamp from 
ground to pin 6 will prevent such output noise from feed- 
ing to the oscillator. If these measures fall to correct the 
probelm, the oscillator frequency can always be stabilized 
with an external clock. Using the circuit of Figure 43 re- 
sults in an Rj/Ct waveform like that of Figure 30B. Here 
the oscillator is much more immune to noise because the 
ramp voltage never closely approaches the internal 
threshold. 

SYNCHRONIZATION 

The simplest method to force synchronization utilizes the 
timing capacitor (Cj) in near standard configuration. Rath- 
er than bring Cj to ground directly, a small resistor is 
placed in series with Cj to ground. This resistor serves as 
the input for the sync pulse which raises the Cj voltage 
above the oscillator’s internal upper threshold. The PWM 
is allowed to run at the frequency set by Rj and Cj until 
the sync pulse appears. This scheme offers several ad- 
vantages including having the local ramp available for 
slope compensation. The UC3842/3/4/5 oscillator 



Figure 31. Sync Circuit implementation 




Figure 30. (a.) Noise on Pin 4 can cause oscillator to pre-trigger. 

(b.) With external sync., noise does not approach threshold level. 
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must be set to a lower frequency than the sync pulse 
stream, typically 20 percent with a 0.5V pulse applied 
across the resistor. Further information on synchronization 
can be found in “Practical Considerations in Current Mode 
Power Supplies” listed in the reference appendix. 

The UC3842 can also be synchronized to an external 
clock source through the Rj/Cj terminal (Pin 4) as shown 
in Figure 32. 

In normal operation, the timing capacitor Cj is charged 
between two thresholds, the upper and lower comparator 
limits. As Cj begins its charge cycle, the output of the 
PWM is initiated and turns on. The timing capacitor contin- 
ues to charge until it reaches the upper threshold of the 
internal comparator. Once intersected, the discharge cir- 
cuitry activates and discharges Cj until the lower thresh- 
old Is reached. During this discharge time the PWM output 
is disabled, thus insuring a “dead” or off time for the out- 
put. 

A digital representation of the oscillator charge/discharge 
status can be utilized as an input to the Rj/Cj terminal. 
In instances like this, where no synchronization port is 
easily available, the timing circuitry can be driven from a 


digital logic input rather than the conventional analog 
mode. The primary considerations of on-time, dead-time, 
duty cycle and frequency can be encompassed In the digi- 
tal pulse train input. 

A LOW logic level input determines the PWM maximum 
ON time. Conversely, a HIGH input governs the OFF, or 
dead time. Critical constraints of frequency, duty cycle or 
dead time can be acurately controlled by anything from a 
555 timer to an elaborate microprocessor controlled soft- 
ware routine. 
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^Max = tL (tH + to 
t|-) = 0.693 (R/\ + Rb) C 
tL = 0.693 RbC 


Vcc 



Figure 32 
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Synchronization to an External Clock 


CLOCK 

INPUT 


LOW 


HIGH 
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_UPPER 

THRESHOLD 

_LOWER 

THRESHOLD 


PWM 

OUT 


1 

, ON OUTPUT A 
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Figure 33 
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Figure 34 
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SYNC PULSE GENERATOR 

The UC3842/3/4/5 oscillator can be used to generate 
sync pulses with a minimum of external components. This 
simple circuit shown In Figure 35 triggers on the falling 
edge of the Cj waveform, and generates the sync pulse 
required for the previously mentioned synchronization 


scheme. Triggered by the master’s deadtime, this circuit is 
useable to several hundred kilohertz with a minimum of 
delays between the master and slave(s). The photos 
shown in Figures 36 and 37 depict the circuit waveforms 
of interest. 



Top Trace: 
Circuit Input 


Bottom Trace: 

Circuit Output 
Across 24 Ohms 

Vertical: 0.5V/CM Both 
Horizontal: 0.5/iiS/CM 



Top Trace: 

Slave Cj 

Bottom Trace: 

Master Cj 

Vertical: 0.5V/CM Both 
Horizontal: 0.5^S/CM 
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Figure 36. Operating Waveforms at 500 kHz Figure 37. Master/Slave Sync Waveforms at Cj 
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APPLICATION APPENDSX 


FIXED “OFF-TIME” APPLICATIONS 

Obtaining a fixed “off-time” and a variable “on-time” can 
easily be accomplished with most current-mode PWM 
IC’s. In these applications, the Rj/Cj timing components 
are used to generate the “off-time” rather than the tradi- 
tional “on-time”. Implementation is shown schematically in 
Figure 38 along with the pertinent waveforms. 

At the beginning of an oscillator cycle, Cj begins charging 
and the PWM output is turned on. Transistor Qi is driven 
from the output and also turns on with the PWM output, 
thus discharging Cj and pulling this node to ground. As 
this occurs, the oscillator is “frozen” with the PWM output 
fully ON. On-time can be controlled in the conventional 
manner by comparing the error amplifier output voltage 


with the current sense input voltage. This results in a cur- 
rent controlled “on-time” and fixed “off-time” mode of op- 
eration. Other variations are possible with different inputs 
to the current sense input. 

When the PWM output goes low (off), transistor Qi also 
turns off and Cj begins charging to its upper threshold. 
The off-time generates by this approach will be longer for 
a given Rj/Ct combination than first anticipated using the 
oscillator “charging” equations or curves. Timing capaci- 
tor Cj now begins charging from Vsat oi Qi (approx. OV) 
instead of the internal oscillator lower threshold of approx- 
imately 1V. 


Fixed “Off-Time”, Current Controlled “On-Time” 


+ 15V 



ON 

OFF 

ON 

OFF 

ON 



Ve 



Waveforms 
Figure 38 
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CURRENT MODE ICs USED IN VOLTAGE 
MODE 

In duty cycle control (voltage mode), pulse width modula- 
tion is attained by comparing the error amplifier output to 
an artificial ramp. The oscillator timing capacitor Cj is 
used to generate a sawtooth waveform on both current or 
voltage mode ICs. To utilize a current mode chip in the 
voltage mode, this sawtooth waveform will be input to the 
current sense input for comparison to the error voltage at 
the PWM comparator. This sawtooth will be used to deter- 
mine pulse width instead of the actual primary, current in 
this configuration. 


FULL DUTY CYCLE (100%) APPLICATIONS 

Full, or 100% duty cycle is a condition That is highly unde- 
sirable in a switch-mode power supply. Therefore, most 
PWM IC designs have gone to great extent to prevent 
100% duty cycle from occurring. There are simple ways to 
over-ride these safeguards, however. One method, pre- 
sented below, “freezes” the oscillator and holds the PWM 
output in the ON, or high state when the circuit is activat- 
ed. Feedback from the output is required to guarantee 
that the oscillator is stopped while the output is high. 
Without feedback, the oscillator can be locked with the 
output in either state. 
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Figure 39. Current Mode PWM Used as a Voltage 
Mode PWM 

Compensation of the loop Is similar to that of voltage 
mode. The UC3842/3/4/5 current mode PWMs use a low 
output resistance (voltage) amplifier and are compensated 
accordingly. For further reference on topologies and com- 
pensation, consult “Closing the Feedback Loop” listed in 
this appendix. 


+ 12V 



Figure 40. Full Duty Cycle Implementation 


CHARGE PUMP CIRCUITS 
LOW POWER DC/DC CONVERSION 


Step Up Inverting 

Vo ~ 2 X V,N Vo ~ -V,N 
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CIRCUIT EXAMPLES Also consult UNITRODE application note. 

1. Off-Line Flyback 

Figure 43 . shows a 25W multiple-output off-line flyback 
regulator controlled with the UC3844. This regulator is low 
in cost because it uses only two magnetic elements, a pri- 
mary-side voltage sensing technique, and an inexpensive 
control circuit. Specifications are listed below. 
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Figure 43 


Power Supply Specifications 

1. Input Voltage: 95 VAC to 130 VAC (50 Hz/60 Hz) 

2. Line Isolation: 3750V 

3. Switching Frequency: 40 kHz 

4. Efficiency @ Full Load: 70% 

5. Output Voltage: 

A. +5V, ±5%: lAto 4A load 
Ripple voltage: 50 mV P-P Max. 

B. +12V, ±3% 0.1 A to 0.3A load 
Ripple voltage: 1 00 mV P-P Max. 

C. -12V ±3%, 0.1 A to 0.3A load 
Ripple voltage: 1 00 mV P-P Max. 
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Low Power Buck Regulator — Voltage Mode . 


The basic buck regulator is described 
in the UNITRODE Applications Hand- 
book. 

■^Consult UNITRODE Power Supply 
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Input Voltage: 

Output Voltage: 

Output Current: 

Oscillator Frequency: 

Line Regulation: 

Loaci Regulation: 

- Efficiency @ Vim = 48V 
lo = 25A: 
lo = 50A: 

Output Ripple Voltage: 

Also consult application note U-101 in the Unitrode 
Applications Handbook. 


Figure 45. 500W Push-Pull DC-to-DC Converter 
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APPLICATION NOTE U-100A 



APPLICATION NOTE 


U’lOl 


200KHZ CURRENT-MODE 
CONVERTER PROVIDES 500W 


This Application Note describes a push-pull converter 
which develops up to 1 0OA at 5V from a standard 48V input. 
It provides equations used to specify all critical compo- 
nents, so that a designer can adapt the circuit to meet a 
different set of requirements. Specifications, performance 
data, and waveform photographs are included. The sche- 
matic appears in Figure 1 . 


SPECIFICATIONS 

Input Voltage -48V ± 8V 

Output Voltage +5V 

Output Current 25A to 1 0OA 

Short-Circuit Current 1 20A 

Oscillator Frequency 200KHz 

Line Regulation 0.12% 

Load Regulation 0.25% 

Efficiency 75% 

Output Ripple Voltage 300mV 

Large-Signal Output Slew Rate 30A/ms 


PERFORMANCE DATA 


Test 

Conditions 

Performance 

lo 

VlN 

Vo 

llN 

Efficiency 

Ripple 

(A) 

(V) 

(V) 

(A) 

(%) 

(mV p-p) 

25 

40 

5.002 

3.9 

80 

50 

25 

56 

4.996 

3.0 

75 

75 

50 

40 

5.000 

7.8 

80 

100 

50 

56 

4.995 

5.8 

77 

150 

75 

40 

5.000 

11.8 

79 

200 

75 

56 

4.996 

8.6 

78 

220 

100 

40 

4.990 

16.7 

75 

250 

100 

56 

4.990 

11.8 

76 

300 


overview" ® ® 

This design utilizes a center-tap push-pull topology operat- 
ing with continuous inductor current and current-mode 
control. This push-pull configuration optimizes transformer 
utilization while allowing common-source operation of the 
power MOSFETs. 

Current-mode control was chosen for this application tor 
several reasons. Power transformer flux balancing is 
achieved without the cost of added sensing circuits. The 
filter inductor behaves like a current source, which allows a 
closed-loop frequency response of greater bandwidth than 
would otherwise be possible for stable operation. More 
importantly, the error amplifier compensation becomes 
simpler and better behaved under conditions of large- 
signal load changes.*"^’ ' Finally, current-mode control pro- 
vides instantaneous (single-cycle) correction for input 
voltage variations. 

The UC2842 pulse width modulator provides all these 
advantages at an extremely low cost. Since this IC has only 
a single output, a LIC2706 Dual Output Driver is used to 
perform a single-ended to push-pull conversion. The 
UC2706 provides the added advantages of rapid (180ns) 
current limiting and high peak current MOSFET drive 
needed to operate at high frequencies. Since input-to- 
output isolation is required, a UC2901 Isolated Feedback 
Generator is employed to return a feedback signal from the 
output to the primary-side PWM controller. 

Block diagrams of these three ICs appear in Figures 2-4. 
Waveforms at critical circuit points are shown in Figures 
5-8. 
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FIGURE 4. UC2901 BLOCK DIAGRAM 
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FIGURE 5. TOP: MOSFET Vos @ 50V/div. 

BOTTOM: MOSFET Id @ 5A/div. 
2ps/d\v. 


FIGURE 6. A: 

B: 


MOSFET Vds @ 20V/div. 
MOSFET Id @ 5A/div. 
500ns/div. 




FIGURE 7. LARGE-SIGNAL OUTPUT SLEW RATE. FIGURE 8. A: MOSFET Ip @ 2A/div. 

TOP: OUTPUT VOLTAGE @ 1V/div. B: CURRENT SENSE (UC2842 — PIN 3) @ 100mV/div. 

BOTTOM: OUTPUT CURRENT @ 5A/div. 500ns/div. 

200AS/div. 
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DESIGN EQUATIONS 


Power Transformer^®’ 

Several design iterations resulted in the choice of a Ferrox- 
cube EC52-3C8 ferrite core for the power transformer. This 
is the smallest EC core with a wire window area Aw large 
enough for the required high-current windings. 

For this buck-derived converter, duty cycle D is given by: 

P (Vo + Vf)N 
ViN VdS(ON) 


where: Vo, Vf, Vin and Vds(on) are defined as in Figure 9. 


N = primary-to-secondary turns ratio (Np/Ns). 

This equation is used for selecting N to give an optimum 
range of D as Vin varies from 40V to 56V. D should be as 
large as possible in order to minimize peak currents, but not 
so large that circuit delays and losses limit D when 
Vin = 40V. 

For this design, N = 5 was chosen so that: 


Dmax ^ 


(5V + .6V)5 _ 
40V -1V 


Next, the minimum number of primary turns required to 
prevent core saturation is determined from t)ie following 
equation:*®* 


^ VlN(MIN) toN(MAX) -j ^8 
ABAe 

where: AB = maximum flux swing (Gauss). 

Ae = effective magnetic area (cm^). 

A safe peak- operating flux density for 3G8 ferrite is ~ 2500 
Gauss (saturation occurs at ~ 3000 Gauss). Therefore, 
B = 2 X 2500 = 5000 Gauss for push-pull operation. 


Np> 


40V - 5//S 

5000G •1.83cm^' 


• 10 ® = 2.2 


This design uses Np = 5, Ns = 1 . 

Wire size requirements are determined by the worst-case 
RMS current in each winding. Refer to Figure 9. 


Dmin ^ 


(syt -ev )^. 51 

56V -1V 



FIGURE 9. BASIC PUSH-PULL POWER CIRCUIT AND FILTER. 
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Primary: 


lp(AVG)(MAX) - 


y2 PlN(MAX) _ 


Po(MAX) 


Vin(min) “ Vds(on) 2r7(ViN(MiN) ~ Vds(on)) 
500W 


2(.75)(40V - 1V) 


- = 8.5A 


PfAVGXMAX) 


8.5A 


lp(RMS)(MAX) - lp(PK)(MAX) 


y2DMAX y2'(.72) 


V 2 DU 


= 24A 


= 24A 




72 ( 72 ) 


= 14A 


Secondary: 


ls(RMS)(MAX) - 



2 

O(MAX) 


( V2 Dmax) + 



(1 - Dmax) 



(1 - 72) 


OUTPUT FILTER 

The filter capacitor (Co) and inductor (L) are chosen to 
minimize output ripple voltage (vr) while allowing fast 
response to a changing load. This design uses a polypropy- 
lene capacitor with extremely low ESR (7mQ), allowing 
relatively high ripple currents, a small L, and therefore good 
large-signal dynamic response. 

Maximum ripple current Ircmaxi occurs at minimum duty 
cycle and relates to vr(max) as follows: 


iR{MAX) - 


VR(MAX) 


TDmin 

2Co 


+ ESR 


200mV 


5fJS{5^) 

2(20/iF) 


+ 7mQ 


2.8A. 


The inductance requirement: 


Lmin - 


( ViN(MAX) _ Yp _ Yq j tDmin 

N / iR(MAX) 




= 66A 


For a core with an “area product” AP=(AeAw), an 
RMS current density of: 

J = 450 (AP)--'^^ A/cm^ 


An Arnold A325360-2 ferrite toroid was chosen. It has an 
inductance index Al of 360mH/1000 turns; the required 
number of turns T is: 



10^ • LMiN(mH) 
Al 



10^ (.0051) 
360 


= 3.8. 


gives a core temperature rise of ~ 30°C above ambient for 
natural convection cooling.*®’ For an EC-52, AP = 5.7cm^ 
and: 

J = 450 (5,7) ■■■'“ A/cm^ = 362 A/cnf. 

The required wire cross-sectional areas Ax are: 


Four turns gives L = 5.8//H. Wire size is given by: 

Jl = 450(8.64)‘’“ A/cm^ = 344 A/cm^. 

Axl = — 2 = -29 cm^; used 12 parallel AWG14 
344 A/cnn= for Axl = 25 cm" 


Primary: 

14A 

Axp = o - y — 2 =-039 cm ; used 4 parallel AWG18 

362A/cm^ for Axp = .033 cm" 


Secondary: 


Axs = 


66A 

362A/cm" 


=.18 


cm": used 3 parallel 
copper straps, each 
20 X 400 mil, giving 
Axs = .16 cm". 


CURRENT SENSING AND LIMITING 

A current sense transformer is used to lower power dissipa- 
tion in the sense resistor and to provide level shifting. A 
100:1 turns ratio allows use of a 1 /4 - Watt resistor. Large 
spikes occur at the leading edge of each current sense 
pulse as the junction capacitances of the secondary-side 
rectifiers are charged. If unattenuated, these spikes would 
falsely activate the current limit section of the control cir- 
cuit. Therefore, the circuit of Figure 1 0 is used to blank the 
current sense signal during the first 200nS of each power 
pulse. 
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VlN- 


FIGURE 10. CURRENT SENSE WITH SPIKE SUPPRESSION AND SLOPE COMPENSATION. 


Current limiting is performed by the UC2706 in order to The control-to-output-voltage gain is: 
achieve the fastest possible response. The UC2706 cur- 
rent limit threshold Vth is programmed to be less than the 1 ^ _ it. r u / \ 

volt threshold 'of the UC2842. vc ” vc ° 


Vth = 


lo(MAX) 

m 


• Rs + VsLOPE 



NN'Ro / 

1 + s( 27 r ■ ESR • Co) \ 

D = .72 

3 Rs V 

, 1 + s( 27 r • Ro • Co) / 


43 O + 

5(100) 15KQ + 470O 


= .91V 


VpiN 10 = Vth- .13V = .78V 

control loop compensation '" 

1. Relevant Data: 

fs = 200KHZ, T = 6fJS 
40V < ViN < 56V 
Vo = 5V,25A<lo<100A 
0.2 O > Ro > 0.050 
lsc= 120A 

iR(MAX) = 2.8A 
0.51 < D < 0.72 
Co = 20//F 
ESR = 7mO 

N = 5, N' = 1 00 (transformer turns ratios) 

2. Control-to-Output Response: 

For the UC2842, the small signal 
control-to-inductor-current gain is given by: 

i^^ m 
Vc 3 Rs 


Note that this response is load dependant: 

a. At maximum load (minimum Ro): 

Vo ^ 5(100).050 
Vc f - 0 3(4.30) 

= 5.7dB (low frequency gain) 

fp = 1 /(27r(.05O) 20/iF) 

= 160KHz (filter pole frequency) 

fz = 1 /(277-(7mO) 20/iF) 

= 1 .1 MHz (filter zero frequency) 


b. At minimum load (maximum Ro): 


Vo ^ 5(100)0.20 
Vc f-o 3(4.30) 


= 7.8 =18dB 


fp = 1 /(2 77(0.20) 20/iF) = 40KHZ 


fz = 1.1MHz 

These responses are plotted in Figure IT. 
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FIGURE 11. SMALL SIGNAL FREQUENCY RESPONSE. 


3. Desired Closed-Loop Response: 

While high gain-bandwidth is desired for fast response to 
dynamic loads, two stability criteria limit the achievable 
response characteristic. The Nyquist criterion dictates that 
phase margin above -360° be maintained at the frequency 
(fc) at which gain crosses OdB. Furthermore, it has been 
shown‘®’ that fc must satisfy the following relation: 

fc< 

27rD 

Using D = 0.9 to provide some margin for component 
tolerances. 


fc ^ 


200KHZ 

27r(0.9) 


= 35KHZ. 


4. Error Amplifier Compensation for UC2901 and 
UC2842: 

Figure 11 shows a combined UC2901 -UC2842 response 
curve which, when added to the control-to-output curves, 
yields a loop response which meets the above-mentioned 
stability criteria. One way of achieving this combined 
response is also indicated. Design equations and compen- 
sation components are shown in Figure 1 2. 



=10.2~20dB 


27 r( 12 Kn)(. 133 /iF) 


.016//F 



Av|,«iooHz = ^|^=4.55«13dB 
" 27 r( 100 Kn)(. 016 /iF) 


FIGURE 12. ERROR AMPLIFIER COMPENSATION FOR (a) UC2901 AND (b) UC2842. 


U.S.A. 
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SLOPE COMPENSATION 

Current-mode converters operated with D > 0.5 require 
‘‘slope compensation” to prevent subharmonic oscilla- 
tions.*^’ ®’ In particular, If an artificial ramp is added to the 
current sense waveform, and if the slope magnitude of that 
ramp equals the deadband downslope of the inductor cur- 
rent (as projected to the current sense point), then any 
perturbations in inductor current will die out within a single 
cycle.*^’ A resistor Rslope connected from the timing capac- 
itor to the current sense input can provide this ramp. Refer- 
ring to Figure 10, the required value of Rslope for the 
UC2842 is given by: *^' 


Rslope - Rf 


/(1.4V)NN1 \ 

VRs(Vo + VF)r 7 


= 4700 


/ 1 .4V(5)100(5.8//H) 
\ 4.30 (5.6V)5a/S 




= 15KO. 


The emitter follower in Figure 10 prevents Rslope from 
increasing the oscillator frequency. 
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IMPROVED CHARGING METHODS FOR 
LEAD-ACID BATTERIES USING THE UC3906 


ABSTRACT 

This paper describes the operation and application of the 
UC3906 Sealed Lead-Acid Battery Charger. This 1C pro- 
vides reductions in the cost and design effort of implement- 
ing optimal charge and hold cycles for lead-acid batteries. 
Described are the design and operation of several charg- 
ing circuits using this 1C. The charger designs use current 
and voltage sensing combined with sequenced current 
and voltage control to maximize battery capacity and life 
for various applications. The presented material provides 
insight into expected improvements in battery perfor- 
mance with respect to these specific charging methods. 
Also presented are uses of the many auxiliary functions 
included on this part. The unique combination of features 
on this control 1C has made it practical to create charge 
and hold cycles that truly get the most out of a battery. 


AN 1C FOR CHARGING 
LEAD-ACID BATTERIES 

Battery technology has come a long way in recent years. 
Driven by the reduction of size and power requirements of 
processing functions, batteries now are used to provide 
portability and failsafe protection to a new generation of 


electronic systems. Although a number of battery technol- 
ogies have evolved, the lead-acid cell remains the work- 
horse of the industry due to its combination of prolonged 
standby and cycle life with a high energy storage capacity. 
The makers of uninterruptible power supplies, portable 
equipment, and any system that requires failsafe protec- 
tion are taking advantage of the improvements in this tech- 
nology to provide secondary power sources to their prod- 
ucts, for example, the sealed cell, using a trapped or gelled 
electrolyte, has eliminated the positional sensitivity and 
greatly reduced the dehydration problem. 

The charging methods used to replenish or maintain the 
charge on a lead-acid battery have a significant effect on 
the performance of the cells. Building an optimum charger, 
one that gets the most out of a battery, is not a trivial task. 
Making sure that a battery undergoes the proper charge 
and hold cycle requires precision sensing and control of 
both voltage and current, logic to sequence the charger 
through its cycle, and temperature corrections — added to 
the charger’s control and sensing circuits — to allow 
proper charging at any temperature. In the past this has 
required a significant number of components, and a sub- 
stantial design effort as well. The UC3906 Sealed Lead- 


SINK SOURCE COMPENSATION 



VOLTAGE 

SENSE 


TRICKLE 

BIAS 

CHARGE 

ENABLE 


STATE LEVEL 
CONTROL 


OVER-CHARGE 

INDICATE 


FIGURE 1. The UC3906 Sealed Lead-Acid Battery Charger combines precision voltage and current sensing with vol- 
tage and current control to realize optimum battery charge cycles. Internal charge state logic sequences the device 
through charging cycles. Voltage control and sensing is referenced to an internal voltage that specially tracks the 
temperature characteristics of lead-acid cells. 
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Acid Battery Charger has all the control and sensing func- 
tions necessary to optimize cell capacity and life in a wide 
range of battery applications. 

The block diagram for the UC3906 is shown in figure 1. 
Separate voltage loop and current limit amplifiers regulate 
the output voltage and current levels in the charger by con- 
trolling the onboard driver. The driver will supply 25mA of 
base drive to an external pass element. Voltage and cur- 
rent sense comparators are used to sense the battery con- 
dition and respond with logic inputs to the charge state 
logic. The charge enable comparator on this IC can be 
used to remotely disable the charger. The comparator’s 
25mA trickle bias output is active high when the driver is 
disabled. These features can be combined to implement 
a low current turn-on mode in a charger, preventing high 
current charging during abnormal conditions such as a 
shorted or reversed battery. 

A very important feature of the UC3906 is its precision 
reference. The reference voltage is specially temperature 
compensated to track the temperature characteristics of 
lead-acid cells. The IC operates with very low supply cur- 
rent, only 1.7mA, minimizing on-chip dissipation and per- 
mitting the accurate sensing of the operating environmen- 
tal temperature. In addition, the IC includes a supply 
under-voltage sensing circuit, used to initialize charging 
cycles at power on. This circuit also drives a logic output to 
indicate when input power is present. The UC3906 is spec- 
ified for operation over the commercial temperature range 
of 0°C to 70°C. For operation over extended temperatures, 
-40°C to 70°C the UC2906 is available. 

WHAT IS IMPORTANT IN A CHARGER? 

Capacity and life are critical battery parameters that are 
strongly affected by charging methods. Capacity, C, refers 
to the number of ampere-hours that a charged battery is 
rated to supply at a given discharge rate. A battery’s rated 
capacity is generally used as the unit for expressing 
charge and discharge current rates, i.e., a 2.5 amp-hour 
battery charging at 500mA is said to be charging at a C/5 
rate. Battery life performance is measured in one of two 
ways; cycle life or stand-by life. Cycle life refers to the num- 
ber of charge and discharge cycles that a battery can go 
through before its capacity is reduced to some threshold 
level. Standby life, or float life, is simply a measure of how 
long the battery can be maintained in a fully charged state 
and be able to provide proper service when called upon. 
The measure which actually indicates useful life expec- 
tancy in a given application will depend on the particulars 
of the application. In general, both aspects of battery life 
will be important. 


During the charge cycle of atypical lead-acid cell, lead sul- 
fate, PbS 04 , is converted to lead on the battery’s negative 
plate and lead dioxide on the battery’s positive plate. Once 
the majority of the lead sulfate has been converted, over- 
charge reactions begin. The typical result of over-charge is 
the generation of hydrogen and oxygen gas. In unsealed 
batteries this results in the immediate loss of water. In 
sealed cells, at moderate charge rates, the majority of the 
hydrogen and oxygen recombine before dehydration 
occurs. In either type of cell, prolonged charging rates sig- 
nificantly above C/500, will result in dehydration, accel- 
erated grid corrosion, and reduced service life. 

The onset of the over-charge reaction will depend on the 
rate of charge. At charge rates of > C/5, less than 80% of 
the cell’s previously discharged capacity will be returned 
as the over-charge reaction begins. For over-charge to 
coincide with 100% return of capacity, charge rates must 
typically be reduced to less than C/100. Also, to accept 
higher rates the battery voltage must be allowed to 
increase as over-charge is approached. Figure 2 illustrates 
this phenomenon, showing cell voltage vs. percent return 
of previously discharged capacity for a variety of charge 
rates. The over-charge reaction begins at the point where 
the cell voltage rises sharply, and becomes excessive 
when the curves level out and start down again. 



PERCENT OF PREVIOUS DISCHARGE 
CAPACITY RETURNED 

VOLTAGE CURVES FOR CELLS 
CHARGED AT VARIOUS CONSTANT 
(CURRENT) RATES AT ROOM 
TEMPERATURE 

FIGURE 2. Depending on the charge rate, over-charge reactions begin, (indi- 
cated by the sharp rise in battery voltage), \well below 100% return of capacity. 
(Reprinted with the permission of Gates Energy Products, Inc.) 
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Once a battery is fully charged, the best way to maintain 
the charge is to apply a constant voltage to the battery. This 
burdens the charging circuit with supplying the correct 
float charge level; large enough to compensate for self-dis- 
charge, and not too large to result in battery degradation 
from excessive overcharging. With the proper float charge, 
sealed lead-acid batteries are expected to give standby 
service for 6 to 10 years. Errors of just five percent in afloat 
charger’s characteristics can halve this expected life. 

To compound the above concerns, the voltage character- 
istics of a lead-acid cell have a pronounced negative 
temperature dependence, approximately -4.0mV/°C per 
2V cell. In other words, a charger that works perfectly at 
25°C may not maintain or provide a full charge at 0°C and 
conversely may drastically over-charge a battery at 
+50°C. To function properly at temperature extremes a 
charger must have some form of compensation to track the 
battery temperature coefficient. 

To provide reasonable re-charge times with a full 100% 
return of capacity, a charge cycle must adapt to the state 
of charge and the temperature of the battery. In sealed, or 
recombinate, cells, following a high current charge to 
return the bulk of the expended capacity, a controlled over- 
charge should take place. For unsealed cells the over- 
charge reaction must be minimized. After the over-charge, 
or at the onset of over-charge, the charger should convert 
to a precise float condition. 

A DUAL LEVEL FLOAT CHARGER 

A state diagram for a sealed lead-acid battery charger that 
would meet the above requirements is shown in figure 3. 



CHARGER OUTPUT CURRENT 


FIGURE 3. The dual level float charger has three charge states. A constant 
current bulk charge returns 70-90% of capacity to the battery with the remaining 
capacity returned during an elevated (constant) voltage over-charge. The float 
charge state maintains a precision voltage across the battery to optimize 
stand-by life. 


This charger, called a dual level float charger, has three 
states, a high current bulk charge state, an over-charge 
state, and a float state. A charge cycle begins with the 
charger in the bulk charge state. In this state the charger 
acts like a current source providing a constant charge rate 
at Imax. The charger monitors the battery voltage and as it 
reaches a transition threshold, V 12 , the charger begins its 
over-charge cycle. During the over-charge, the charger 
regulates the battery at an elevated voltage, Voc, until the 
charge rate drops to a specified transition current, Ioct. 
When the current tapers to Ioct, with the battery at the ele- 
vated level, the capacity of the cell should be at nearly 
100%. At this point the charger turns into a voltage regu- 
lator with a precisely defined output voltage, Vp. The out- 
put voltage of the charger in this third state sets the float 
level for the battery. 

With the UC3906, this charge and hold cycle can be imple- 
mented with a minimum of external parts and design effort. 
A complete charger is shown in figure 4. Also shown are 
the design equations to be used to calculate the element 
values for a specific application. All of the programming of 
the voltage and current levels of the charger are deter- 
mined by the appropriate selection the external resistors 
Rs, Ra, Rb, Rc- 

Operation of this charger is best understood by tracing a 
charge cycle. The bulk charge state, the beginning, is initi- 
ated by either of two conditions. One is the cycling on of the 
input supply to the charger; the other is a low voltage con- 
dition on the battery that occurs while the charger is in the 
float state. The under-voltage sensing circuit on the 
UC3906 measures the input supply to the 1C. When the 
input supply drops below about 4.5V the sensing circuit 
forces the two state logic latches (see figure 1) into the bulk 
charge condition (LI reset and L2 set). This circuit also dis- 
ables the driver output during the under-voltage condition. 
To enter the bulk charge state while power is on, the 
charger mustfirst be in the float state (both latches set). The 
input to the charge state logic coming from the voltage 
sense comparator reports on the battery voltage. If the bat-, 
tery voltage goes low this input will reset LI and the bulk 
charge state will be initiated. 

With LI reset, the state level output is always active low. 
While this pin is low the divider resistor, Rb is shunted by 
resistor Rc, raising the regulating level of the voltage loop. 
If we assume that the battery is in need of charge, the vol- 
tage amplifier will be in its stops trying to turn on the driver 
to force the battery voltage up. In this condition the voltage 
amplifier output will be over-ridden by the current limit 
amplifier. The current limit amplifier will control the driver, 
regulating the output current to a constant level. During this 
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time the voltage at the internal, non-inverting, input to the 
voltage sense comparator is equal to 0.95 times the internal 
reference voltage. As the battery is charged its voltage will 
rise; when the scaled battery voltage at PIN 13, the invert- 
ing input to the sense comparator, reaches 0.95Vref the 
sense comparator output will go low. This will reset the sec- 
ond latch and the over-charge state will be entered. At this 
time the over-charge indicator output will go low. Other 
than this there is no externally observable change in the 
charger. Internally, the starting of the over-charge state 
arms the set input of the first latch — assuming no reset sig- 
nal is present — so that when the over-charge terminate 
input goes high, the charger can enter the float state. 

I n the over-charge state, the charger will continue to supply 
the maximum current. As the battery voltage reaches the 
elevated regulating level, Voc, the voltage amplifier will 
take command of the driver, regulating the output voltage 
at a constant level. The voltage at PIN 13 will now be equal 
to the internal reference voltage. The battery is completing 
its charge cycle and the charge acceptance will start to 
taper off. 

As configured in figure 4, the current sense comparator 
continuously monitors the charge rate by sensing the vol- 
tage across Rs. The output of the comparator is con- 
nected to the over-charge terminate input. Whenever the 


charge current is less than Ioct, (25mV/Rs), the open col- 
lector output of the comparator will be off. When this transi- 
tion current is reached, as the charge rate tapers in the 
over-charge state, the off condition of the comparator out- 
put will allow an internal lO/iA pull-up current at PIN 8 to pull 
that point high. A capacitor can be added from ground to 
this point to provide a delay to the over-charge-terminate 
function, preventing the charger from prematurely enter- 
ing the float state if the charging current temporarily drops 
due to system noise or whatever. When the voltage at PIN 
8 reaches its IV threshold, latch LI will be set, setting L2 as 
well, and the charger will be in the float state. At this point 
the state level output will be off, effectively eliminating Rc 
from the divider and lowering the regulating level of the vol- 
tage loop to Vf. 

In the float state the charger will maintain Vf across the 
battery, supplying currents of zero to I max as -required. In 
addition, the setting of LI switches the voltage sense com- 
parator’s reference level from 0.95 to 0.90 times the internal 
reference. If the battery is now discharged to a voltage level 
10% below the float level, the sense comparator output will 
reset LI and the charge cycle will begin anew. 

The float voltage Vf, as well as Voc and the transition vol- 
tages, are proportional to the internal reference on the 
UC3906. This reference has a temperature coefficient of 



FIGURE 4. Using a few external parts and following simple design equations the UC3906 can be configured as a dual level float charger. 
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-3.9mV/°C. This temperature dependence matches the 
recommended compensation of most battery manufac- 
turers. The importance of the control of the charger’s vol- 
tage levels is reflected in the tight specification of the toler- 
ance of the UC3906’s reference and its change with temp- 
erature, as shown in figure 5. 


INTERNAL REFERENCE TEMPERATURE 
CHARACTERISTIC AND TOLERANCE 



TEMPERATURE - °C 

FIGURE 5. The specially temperature compensated reference on the UC3906 
is tightly specified over 0 to 70°C, (-40 to 70°C for the UC2906), to allo\w proper 
charge and hold characteristics at all temperatures. 


Imax, Ioct, Voc, and Vf can all be set independently. Imax, 
the bulk charge rate can usually be set as high as the avail- 
able power source will allow, or the pass device can han- 
dle. Battery manufacturers recommend charge rates in the 
C/20 to C/3 range, although some claim rates up to and 
beyond 2C are OK if protection against excessive over- 
charging is included. Ioct, the over-charge terminate 
threshold, should be chosen to correspond, as close as 
possible, to 100% recharge. The proper value will depend 
on the over-charge voltage (Voc) used and on the cell’s 
charge current tapering characteristics at Voc. 

Imax and Ioct are determined by the offset voltages built 
into the current limit amplifier and current sense compara- 
tor respectively, and the resistor(s) used to sense current. 
The offsets have a fixed ratio of 250mV/25mV. If ratios other 
than ten are necessary separate current sensing resistors 
or a current sense network, must be used . The penalty one 
pays in doing this is increased input-to-output differential 
requirements on the charger during high current charg- 
ing. Examples of this are shown in figure 6. 


An alternative method for controlling the over-charge state 
is to use the over-charge indicate output, PIN 9, to initiate 
an external timer. At the onset of the over-charge cycle the 
over-charge indicate pin will go low. A timer triggered by 
this signal could then activate the over-charge terminate 
input, PIN 8, after a timed over-charge has taken place. 
This method is particularly attractive in systems with a cen- 
tralized system controller where the controller can provide 
the timing function and automatically be aware of the state 
of charge of the battery. 

The float, Vp, and over-charge, Voc, voltages are set by 
the internal reference and the external resistor network, 
Ra, Rb, and Rc as shown in figure 4. For the dual level float 
charger the ranges at 25°C for Vf and Voc are typically 
2.3V-2.40V and 2.4V-2.7V, respectively. The float charge 
level will normally be specified very precisely by the battery 
manufacturer, little variation exists among most battery 
suppliers. The over-charge level, Voc, is not as critical and 
will vary as a function of the charge rate used. The absolute. 
value of the divider resistors can be made large, a divider 
current of 50juA will sacrifice less than 0.5% in accuracy 
due to input bias current offsets. 

AUXILIARY CAPABILITIES 
OF THE CHARGER 1C 

Besides simply charging batteries, the UC3906 can be 
used to add many related auxiliary functions to the charger 
that would otherwise have to be added discretely. The 
enable comparator and its trickle bias output can be used 
in a number of different ways. The modification of the state 
diagram in figure 2 to establish a low current turn-on mode 
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ImAX/IqCT = 10 

Imax = 250mV/Rs 
Ioct = 25m\//Rs 
AVmax = 250mV 

Imax/Iqct >10 

Imax = 250mV/Rsi 
Ioct = 25mV/(Rsi + Rs 2 ) 
AVmax = 250mV • Imax/ (10 Ioct) 

Imax/Iqct >10 

Imax = 250mV/(Rsi + Rs 2 ) 

Ioct = 25mV / Rsi 
4 VmaX = 250mv 



FIGURE 6. Although the ratio of input offset voltages on the current limit and 
current sense stages is fixed at 10, other ratios for Imax/Iqct are easily obtained. 
Note that a penalty for ratios greater than 10 is increased voltage drop across 
the sensing network at Imax- 
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of the charger (see figure 7) is easily done. By reducing the 
output current of the charger when the battery voltage is 
below a programmable threshold, the charging system 
protects against: One, high current charging of a string 
with a shorted cell that could result in excessive outgassing 
from the remaining cells in the string. Two, dumping charge 
into a battery that has been hooked up backwards. Three, 
excessive power dissipation in the charger’s pass element. 
As shown in figure 7, the enable comparator input taps off 
the battery sensing divider. When the battery voltage is 
below the resulting threshold, Vt, the driver on the 
UC3906 is disabled and the trickle bias output goes high. 
A resistor, Rt, connected to the battery from this output 
can then be used to set a trickle current, (< 25mA) to the 
battery to help the charger discriminate between severely 
discharged cells and damaged, or improperly connected, 
cells. 

In applications where the charger is integral to the system, 
i.e, always connected to the battery, and the load currents 
on the battery are very small, it may be necessary to abso- 
lutely minimize the load on the battery presented by the 
charger when input power is removed. There are two sim- 
ple precautions that, when taken, will remove essentially all 
reverse current into the charging circuit. In figure 8 the 
diode in series with the pass element will prevent any 
reverse current through this path. The sense divider 
should still be referenced directly to the battery to maintain 
accurate control of voltage. To eliminate this discharge 


STATE DIAGRAM: UC2906 DUAL LEVEL FLOAT CHARGER 


path, the divider in the figure is referenced to the open col- 
lector power indicate output, PIN 7, instead of ground. 
Connected in this manner the divider string will be in series 
with essentially an open when input power is removed. 
When power is present, the open collector device will be 
on, holding the divider string end at nearly ground. The 
saturation voltage of the open collector output is specified 
to be less than 50mV with a load current of 50fjiA. 

Figure 9 illustrates the use of the enable comparator and 
its output to build over-discharge protection into a charger. 
Over-discharging a lead-acid cell, like over-charging, can 
severely shorten the service life of the cell. The circuit moni- 
tors the discharging of the battery and disconnects all load 
from the battery when its voltage reaches a specified cutoff 
point. The load will remain disconnected from the battery 
until input power is returned and the battery recharged. 

This scheme uses a relay between the battery and its load 
that is controlled by Q1 and the presence of voltage across 
the load. When primary power is available Q1 is on via D5. 
The battery is charging, or charged, and the trickle bias 
output at PIN 11 is off. When input power is removed, C2 
provides enough hold-up time at the load to let Q1 turn off, 
and the relay to close as current flows through R1 . The bat- 
tery is now providing power to the load and, through D1, 
power to the charger. The charger current draw will typi- 
cally be less than 2mA. As the battery discharges, the 
UC3906 wilf continue to monitor its voltage. When the vol- 
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FIGURE 7. The charge enable comparator, with its trickle bias output, can be used to build protection into the charger. The current foldback at low battery voltages 
prevents high current charging of batteries with shorted cells, or improperly connected batteries, and also protects the pass element from excessive power dissipation. 
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tage reaches the cut-off level, set by the divider network, 
R5-R8, the trickle bias output, PIN 11, will go high. Q1 will 
turn back on and the relay current will collapse opening its 
contacts. As the load voltage drops, capacitor Cl supplies 
power to the UC3906 to keep Q1 on. Once the input to the 
charger has collapsed the power indicate pin, as shown in 
figure 8, will open the divider string. The battery will remain 
open-circuited until input power is returned. At that time the 
battery will begin to recharge. 



FIGURE 8. By using a diode in series with the pass element, and referencing 
the divider string to the power indicate pin, pin 7, reverse current into the 
charger, (when the charger is tied to the battery with no input power), can 
be eliminated. 


CHARGING LARGE SERIES 
STRINGS OF LEAD-ACID CELLS 

When large series strings of batteries are to be charged, a 
dual step current charger has certain advantages over the 
float charger of figures 3 and 4. A state diagram and circuit 
implementation of this type of charger is shown in figure 10. 
The voltage across a large series string is not as predict- 
able as a common 3 or 6 cell string. In standby service 
varying self discharge rates can significantly alter the state 
of charge of individual cells in the string if a constant float 
voltage is used. The elevated voltage, low current holding 
state of the dual step current charger maintains full and 
equal charge on the cells. The holding, or trickle current, 
Ih, will typically be on the order of 0.005C to 0.0005C. 

To give adequate and accurate recharge this charger has 
a bulk charge state with temperature compensated transi- 
tion thresholds, V 12 , and V 21 . Instead of entering an ele- 
vated voltage over-charge, upon reaching V 12 the charger 
switches to a constant current holding state. The holding 
current will maintain the battery voltage at a slightly ele- 
vated level but not high enough to cause significant over- 
charging. If the battery current increases, the charger will 
attempt to hold the battery at the Vf level as shown in the 
state diagram. This may happen if the battery temperature 
increases significantly, increasing the self-discharge rate 
beyond the holding current. Also, immediately following 
the transition from the bulk to float states, the battery will 
only be 80% to 90% charged and the battery voltage will 
drop to the Vf level for some period of time until full charg- 
ing is achieved. 

I n this charger the cu rrent sense comparator is used to reg- 
ulate the holding current. The level of holding current is 
determined by the sensing resistor, Rsh- The other series 


CHARGER'S LOAD'S 



FIGURE 9. Using the enable comparator to monitor the battery voltage a precise discharge cut-off voltage can be set. 
When the battery reaches the cut-off threshold the trickle bial output switches off the load switch relay and the battery is 
left open circuited until input power is returned. 
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resistor, Re, is necessary for the current sense comparator 
to regulate the holding current. Its value is selected by 
dividing the value of Ih into the minimum input to output 
differential that is expected between the battery and the 
input supply. If the supply variation is very large, or the 
holding current large, (> 25mA), then an external buffering 
element may be required at the output of the current sense 
comparator. 

The operating supply voltage into the UC3906 should be 
kept less than 45V. However, the 1C can be adapted to 
charge a battery string of greater than 45V. To charge a 
large series string of cells with the dual step current 
charger the ground pin on the UC3906 can be referenced 
to a tap point on the battery string as shown in figure 11. 
Since the charger is regulating current into the batteries, 
the cells will all receive equal charge. The only offset results 
from the bias current of the UC3906 and the divider string 
current adding to the current charging the battery cells 
below the tap point. Re can be added to subtract the bulk 
of this current improving the ability of the charger to control 
the low level currents. The voltage trip points using this 
technique will be based on the sum of the cell voltages on 
the high side of the tap. 


PICKING A PASS ELEMENT AND 
COMPENSATING THE CHARGER 

There are four factors to consider when choosing a pass 
device. These are: 

1. The pass device must have sufficient current and power 
handling capability to accommodate the desired maxi- 
mum charging rate at the maximum input to output 
differential. 

2. The device must have a high enough current gain at the 
maximum charge rate to keep the drive current required 
to less than 25mA. 

3. The type of device used, (PNR NPN, or PET), and its 
configuration, may be dictated by the minimum input to 
output differential at which the charger must operate. 

4. The open loop gain of both the voltage and the current 
control loops are dependent on the pass element and its 
configuration. 

Figure 12 contains a number of possible driver configura- 
tions with some rough break points on applicable current 
ranges as well as the resulting minimum input to output dif- 
ferentials. Also included in this figure are equations for the 
dissipation that results on the UC3906 die, equations for a 
resistor, Rd, that can be added to minimize this dissipa- 
tion, and expressions for the open loop gains of both the 
voltage and current loops. 
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FIGURE 10. A dual step current charger has some advantages when large series strings must be charged. This type of charger maintains constant current during 
normal charging that results in equal charge distribution among battery cells. 
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As reflected in the gain expressions in figure 12, the open 
loop voltage gains of both the voltage and current control 
loops are dependent on the impedance, Zc at the com- 
pensation pin. Both loops can be stabilized by adjusting 
the value of this impedance. Using the expressions given, 
one can go through a detailed analysis of the loops to pre- 
dict respective gain and phase margins. In doing so one 
must not forget to account for all the poles in the open loop 
expressions. In the common emitter driver examples, 1 
and 3, the equivalent load impedance at the output of the 
charger directly affects loop characteristics. In addition, a 
pole, or poles, will be added to the loop response due to 
the roll-off of the pass device’s current gain. Beta. This 
effect will occur at approximately the rated unity gain fre- 
quency of the device divided by its low frequency current 
gain. The transconductance terms for the voltage and cur- 
rent limit amplifiers, (1/1 .3K and 1/300 respectively), will 
start to roll off at about 500KHZ. As a rule of thumb, it is wise 
to kill the loop gain well below the point that any of these, 
not-so-predictable poles, enter the picture. 

If you prefer not to go through a BODE analysis of the loops 
to pick a compensation value, and you recognize the fact 
that battery chargers do not require anything close to opti- 
mum dynamic response, then loop stability can be as- 
sured by simply oversizing the value of the capacitor used 
at the compensation pin. In some cases it may be neces- 
sary to add a resistor in series with the compensation 
capacitor to put a zero in the response. Typical values for 
the compensation capacitor will range from lOOOpF to 
0.22j[iF depending on the pass device and its configura- 
tion. With composite common emitter configurations, such 
as example 3 in figure 12, compensation values closer to 



FIGURE 11. A dual step current charger can be configured to operate with 
input supplies of greater than 45V by using a tap on the battery to reference 
the UC3906. The charger uses the voltage across the upper portion of the 
battery to sense charging transition points. To minimize charging current 
offsets, Rb can be added to cancel the UC3906 bias and divider currents. 

the 0.22/4F value will be required to roll off the large open 
loop gain that results from the Beta squared term in the 
gain expression. Series resistance should be less than IK, 
and may range as low as 100 ohms and still be effective. 

The power dissipated by the UC3906 requires attention 
since the thermal resistance, (100°CA/\/att) of the DIP 
package can result in significant differences in tempera- 
ture between the UC3906 die and the surrounding air, 
(battery), temperature. Different driver/pass element con- 
figurations result in varying amounts of dissipation at the 
UC3906. The dissipation can be reduced by adding exter- 
nal dropping resistors in series with the UC3906 driver. 
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FIGURE 12. There are a large number of possible driver/pass element configurations, a few are summarized here. The trade-offs are between current gain, input to output 
differential, and in some cases, power dissipation on the UC3906. When dissipation is a problem it can be reduced by adding a resistor in series with the UC3906 driver. 
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(see figure 12 ). These resistors will then share the power 
with the die. The charger parameters most affected by in- 
creased driver dissipation are the transition thresholds, 
(Vi 2 and V 21 ), since the charger is, by design, supplying its 
maximum current at these points. The current levels will not 
be affected since the input offset voltages on the current 
amplifier and sense comparator have very little tempera- 
ture dependence. Also, the stand-by float level on the 
charger will still track ambient temperature accurately 
since, normally, very little current is required of the charger 
during this condition. 

To estimate the effects of dissipation on the charger’s vol- 
tage levels, calculate the power dissipated by the IC at any 
given point, multiply this value by the thermal resistance of 
the package, and then multiply this product by -3.9mV/°C 
and the proper external divider ratio. In most cases, the 
effect can be ignored, while in others the charger design 
must be tweaked to account for die dissipation by adjust- 
ing charger parameters at critical points of the charge 
cycle. 

SOME RESULTS WITH THE 
DUAL LEVEL FLOAT CHARGER 

In figure 13 the schematic is shown for a dual level, float 
charger designed for use with a 6 V, 2.5amp-hour, sealed 
lead-acid battery. The specifications, at 25°C, for this 
charger are listed below. 


Input supply voltage 9.0V to 13V 

Operating temperature range 0°C to 70°C 

Start-up trickle current (It) 10 mA (Vin = 10 V) 

Start-up voltage (Vt) 5.1V 

Bulk charge rate (Imax) 500mA (C/5) 

Bulk to OC transition voltage (V 12 ) . . 7.125V 

OC voltage (Voc) 7.5V 

OC terminate current (Ioct) 50mA (C/50) 

Float voltage (Vf) 7.0V 

Float to Bulk transition 

voltage (V 31 ) 6.3V 

Temperature coefficient on 

voltage levels -12mV/°C 

Reverse current at charger output 
with the input supply at O.OV .... <5/V\ 


In order to achieve the low input to output differential, 
(1.5V), the charger was designed with a PNP pass device 
that can operate in its saturation region under low input 
supply conditions. The series diode, required to meet the 
reverse current specification, accounts for 1 .OV of the 1 .5V 
minimum differential. Keeping the reverse current under 
5/V\ also requires the divider string to be disconnected 
when input power is removed. This is accomplished, as 
discussed earlier, by using the input power indicate pin to 
reference the divider string. 



FIGURE 13. This dual level float charger was designed for a 6V (three 2V cells) 2.5AH battery. A separate "fully 
charged” indicator was added for visual indication of charge completion. 
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FIGURE 14. The nearly ideal characteristics of the dual level float charger are 
illustrated in these curves. The over-charge state is entered at about 80% return 
of capacity and float charging begins at just over 100% return. 
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FIGURE 15. At elevated temperatures the maximum capacity of lead-acid 
cells is increased allowing greater charge acceptance. To prevent excessive 
over-charging though, the charging voltage levels are reduced. 
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FIGURE 16. At lower temperatures the capacity of lead-acid cells is reduced as 
reflected by the less-than-100% return of capacity in this 0°C charge cycle, illus- 
trating the need for elevated charging voltages to maximize returned capacity. 


The driver on the UC3906 shunts the drive current from the 
pass device to ground. The 470ohm resistor added 
between PIN 15 and ground keeps the die dissipation to 
less than lOOmW under worst case conditions, assuming 
a minimum forward current gain in the pass element of 35 
at 500mA. 

The charger in figure 13 includes a circuit to detect full 
charge and gives a visual indication of charge completion 
with an LED. This circuit turns on the LED when the battery 
enters the float state. Entering of the float state is detected 
by sensing when the state level output turns-off. 

Figures 14-16 are plots of charge cycles of the circuit at 
three temperatures, 25°C, 50°C and 0°C. The plots show 
battery voltage, charge rate, and percent return of pre- 
viously discharged capacity. This last parameter is the inte- 
gral of the charge current over the time of the charge cycle, 
divided by the total charge volume removed since the last 
full charge. For all of these curves the previous discharge 
was an 80% discharge, (2amp-hours), at a C/10, (250mA), 
rate. The discharges were preceded by an over-night 
charge at 25°C. 

The less than 100% return of capacity evident in the 
charge cycle at 0°C is the result of the battery’s reduced 
capacity at. this temperature. The tapering of the charge 
current in the over-charge state still indicates that the cells 
are being returned to a full state of charge. 
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chargeable battery Application Manual. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-143 


PRINTED IN U.S.A. 


APPLICATION NOTE 


U107 


NEW PULSE WIDTH MODULATOR CHIP 
CONTROLS 1 MHz SWITCHERS 


ABSTRACT 

Controversy prevails as to the benefits of pushing switched mode pulse width modulated power supplies higher and 
higher in frequency. Two facts are undisputed though: the industry is pushing switching frequencies up daily and no 
PWM control IC has been available to optimally control circuits running above several hundred kilohertz. A new IC, the 
UG3825, has been developed with the top end of the PWM frequency spectrum in mind to simplify high speed control 
problems. This chip, suitable to either voltage or current mode control, addresses the speed critical parameters that have 
been glossed over in the past: error amp bandwidth, output drive capability, oscillator frequency range, and propagation 
delay. A one megahertz, 50 watt supply has been built to demonstrate the chip. 


PWM CONTROLLER REVIEW 

Briefly reviewing popular control IC’s on the market 
today should serve to illustrate one source of the headaches 
belonging to designers of high frequency switching 
power supplies. The snaggle-toothed appearance of the 
table illustrates the fact that high speed parameters 
have generally been ignored. The entries in this table 
represent the tried and true first and second generation 
standbys (1524, 1525, 494), dedicated offline control 
(1840), and current mode (1846). All these architec- 
tural approaches have certainly proven sufficient for 
numerous converter designs, but all lack the processing 
speed required to keep track of a 1 MHz switcher, or 
even 200 kHz for that matter. Many specifications in 
the table are missing completely, some are only typical, 
and the few guaranteed limits leave much room for 
improvement. 

Of prime importance here is the delay time between 
fault detection and turning off the power switch - the 
speed critical path. When a fault occurs, either the on 
chip over-current sense section or an off chip fault 
detector plus the shutdown section of the chip must 


work fast enough to turn off the power switch before de- 
structive current levels introduce an automatic (and 
permanent) power down feature to the supply. This fea- 
ture, of course, is manifested in blown power devices. 
The problem is aggravated at the onset of core satura- 
tion, since switch currents then rise at much faster 
rates. 

Also important is the drive capability of the output 
stage of the control chip chosen. Rise and fall times 
must be consistent with switching speeds or else an out- 
put buffer will have to be added. This, of course, adds 
delay to the speed critical path placing tighter demands 
on the delays through the chip or forcing the designer to 
over-specify the power elements to insure fault sur- 
vival. Over-specifying, however, adds cost, weight and 
volume as transistors, heat-sinks, and transformers are 
beefed-up. These consequences are in direct opposition 
to the very motives for going to higher frequencies in the 
first place - reduced volume and lower cost. 

On-chip error amplifiers have also been a design 
obstacle in the past. Why build a high frequency switcher 
and then over compensate the loop due to lack of error 
amp bandwidth? Designers have been forced to conser- 


SPEED COMPARISON OF PWM CONTROLLER IC’S 



SHUTDOWN 

DELAY 

(ns) 


ERROR AMP 
BANDWIDTH 
(MHz) 

ERROR AMP 
SLEW RATE 
(V/ s) 

OUTPUT 
RISE/FALL TIME 
(ns) 

TYP 

MAX 







TYP 

MAX 

SG3524 

- 

- 

- 

- 

3 

- 

- 

- 

200 

- 

UC3524A 


- 

600 

- 

3 

- 

- 

- 

200 

- 

UC3525A 



- 

- 

2 

1 

- 

- 

100 


TL494 

- 

- 

- 

- 


- 

- 

- 

200 


UC3840 

- 

- 

200 

400 

2 

1 


- 

- 


UC3846 



200 

500 

1 

0.7 

- 

- 

50 


UC3825 


80 

50 

80 


3 


6 

30 
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vatively use the bandwidth available simply due to a 
lack of guaranteed specifications in many cases. Also, 
some characteristics which would prove useful haven’t 
been specified at all. Slew rate is such a specification 
that has great bearing on the large signal response of the 
supply. 

By comparison, the 3825 specifically addresses the 
speed critical parameters. Maximum propagation delays 
of 80 ns nearly belong in the “order of magnitude” 
improvement catagory. Slicing delays yielded a hefty 
output stage capable of 1.5 Amp peak currents. The 
guaranteed rise time is, in fact, more a function of inter- 
nal slew rates than external loading in the 1000 pF 
range. The error amp guaranteed to 3 MHz and 6 V^s 
promises ease of use when controlling wide-band loops, 

UC3825 BLOCK DIAGRAM 

The design philosophy for the 3825 was to build a 
chip faster than any other available and tailor it to fit 
neatly into high frequency converter designs. It in- 
cludes a dual totem-pole output stage capable of driving 
most power mosfet gates stand-alone, and the ver- 
satility to be useful for DC to DC, off-line, bridge, 
flyback, push-pull, and even resonant mode converter 
topologies. The member of a family covering the con- 
ventional temperature ranges, the UC3825 is specified 
for zero to 70 degrees centigrade while the UC2825 
spans -25 to 85, and the UC1825, —55 to 125. 

The block diagram of the 3825 (figure 1) is architec- 


turally similar in many respects to a number of previous 
PWM controllers. It includes an oscillator, under- 
voltage-lock-out circuit, trimmed bandgap voltage 
reference, wideband error amplifier, PWM comparator , 
PWM latch, toggle flip-flop, soft start section, com- 
parators for over-current sensing and reinitializing soft 
start, and dual totem-pole outputs. The input to the 
PWM comparator is brought out to a separate pin so 
that it can be connected either to the timing capacitor 
for conventional PWM designs or a current sensing net- 
work for current mode control schemes. 

In normal operation, the oscillator establishes a 
fixed clock frequency issuing blanking pulses to ter- 
minate one period and begin the next. These pulses 
serve to reset the PWM comparator while blanking the 
outputs off. After the blanking pulse, one output turns 
on until the ramp input (level shifted 1.25 Volts) exceeds 
the error amp output voltage. This sets the PWM latch 
which turns the output off and triggers the toggle flip- 
flop, selecting the other output for the next period. 

THE SPEED CRITICAL PATH 

The blocks that set the 3825 aside as the controller 
best suited for frequencies over several hundred kilohertz 
are those in the speed critical path (high-lighted blocks 
in figure 1.): the PWM comparator and current limit 
comparator in the front end; the PWM latch and 
associated internal logic; and the ouput stage. Signal 
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propagation through these subcircuits makes or breaks 
a design during a fault condition. In the 3825, the pro- 
pagation delay from either the .Ramp input or the 
Current-limit sense input to the output pins is typically 
50ns, very much faster than any chip available today. 

Comparators 

The PWM comparator is basically an npn differen- 
tial pair with an emitter follower output (figure 2a). 
The pair is biased so that the output swing is one Vhe. 
This guarantees none of the transistors in the com- 
parator will saturate while providing output voltage 
levels compatible with the internal logic. In order to 
assure that the input common mode range of the com- 
parator is not exceeded (the range of an npn input pair 
cannot go below approximately one Volt), a 1.25 Volt 
level shift is included between the non-inverting input 
of the comparator and the input pin of the chip. This 
allows the ramp input to swing from zero to approx- 
imately three Volts. The inverting input is tied directly 
to the output of the error amplifier. 

The benefit of this approach is ease of use both in 
current mode and conventional PWM applications. For 
the older PWM circuit approach, the ramp input pin 
can be tied directly to the oscillator Ct pin while current 
mode users can simply tie a ground referenced current 
sense network directly to the Ramp pin. 

The current limit comparator is very similar in design 
to the PWM comparator. Its inverting input is referenced . 
internally to a one Volt level derived from the 5.1 Volt 
reference allowing the non-inverting input to be brought 
directly to the current limit pin. Functionally, when a 


fault causes the Current-limit pin to exceed one Volt, it 
acts just like the PWM comparator, setting the PWM 
latch and causing the outputs to remain off for the dura- 
tion of the clock cycle. 

The current-limit comparator can also be combined 
with the 3825 outputs and a few external components to 
form a constant volt-second product clamp (figure 2b) . 
This clamp is useful in current mode systems to prevent 
core saturation during load transients. When either 
output turns on (goes high), capacitor, C, is charged 
from Vin through resistor, R. Normal circuit operation 
would turn off the outputs causing C to be discharged 
before it reaches one Volt. If, however, it does reach one 
Volt, the current-limit comparator terminates the out- 
put pulse. Since the charge rate is proportional to Vin 
(assuming Vin is much greater than one Volt), then a 
constant Volt-second product clamp of one Volt times 
RC is achieved. 

Logic 

All of the speed critical logic, including the PWM 
latch, the toggle flip-flop, and various gates are a cross 
between emitter coupled logic and emitter function 
logic. In either case, their speed relies on emitter 
coupled pairs and emitter follower buffers biased to 
insure that no transistor saturates. Although two OR’s, 
a NOR and the PWM latch are directly in the critical 
path between the input comparators and the output 
drivers, they account for only twenty percent of the 
total delay, the remainder being shared between the 
comparators and the output stage. 


Vref = 5.1V 





COMPARATOR 

OUTPUT 


TO ERROR 
AMP OUTPUT 


RAMP 

INPUT 


FIGURE 2a. PWM COMPARATOR SCHEMATIC. 
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“A ORB” 





^ 1 ^ ^ 

i ! 






MAXIMUM VOLT — SECOND PRODUCT = RC X IV 

FIGURE 2b. CONSTANT VOLT-SECOND PRODUCT CLAMP IMPLEMENTED USING THE CURRENT LIMIT COMPARATOR. 


Outputs 

Speed from one pin to another does little or no good 
unless the signal coming out of the chip has the strength 
to do its job. The dual totem-pole drivers of the 3825 are 
capable of driving 1000 picofarads from one rail to the 
other in a mere 30 nanoseconds. In fact the peak current 
avilable is in excess of 1.5 Amps. This kind of brute 
strength is sufficient for driving a wide range of power 
mosfet’s in a variety of applications. 

Some older PWM controllers with totem-pole out- 
put stages are plagued with hefty amounts of cross con- 
ducted charge during output transitions. This can 
result in major self heating problems especially at 
higher clock rates. The 3825 output stage (figure 3a) has 
been modeled after the successful designs of the UC3846 
and UC3842. The differences are in bias values and the 
addition of Schottky diodes. This circuit guarantees 
the output transistors, Ql and Q2, are driven with com- 
plementary signals to keep cross conducted charge 
under control. This approach necessarily involves a 
compromise since speed is of the utmost concern. 


Delays could be inserted to guarantee zero cross con- 
ducted charge, but that would be contrary to the re- 
quired propagation delays for high speed operation. 
The outputs have been adjusted to yield these rise and 
fall times at a penalty of only 20 nanocoulombs of cross 
conducted charge per transition . At a clock frequency of 
500 kHz, this only adds an additional 10 mA to the sup- 
ply current. 

Rather than dwell on cross conducted charge, which 
is measured with no load on the outputs, it is more 
appropriate to examine the performance with typical 
loads. The most anticipated load is a power mosfet. The 
impedence presented by the gate of the fet is applica- 
tion dependent, but is primarily capacitive. Therefore, 
consider the requirements of driving a capacitor with a 
square wave voltage. The charge required for one cycle 
is equal to the capacitance times the voltage. The 
average current taken from the supply is that charge 
times the switching frequency. This determines the 
power required from the supply to drive the cap. Since 
the cap is an energy storage element, all the power 
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Vcc 



OUTPUT 
(A ORB) 



FIGURE 3a. OUTPUT STAGE SIMPLIFIED SCHEMATIC. 


taken from the supply is dissipated by the chip. An 
efficiency figure for the chip can be defined as the ratio 
of the theoretical power dissipation to the actual power 
dissipated by the chip. This can be determined for a 
given frequency and supply voltage by measuring the 
average supply current into the Vc pin (assuming the 
peak output voltage is approximately equal to the sup- 
ply voltage). The figure of efficiency, then, is: (CVf)/Ic. 
The graph of figure 3b shows the 3825 optimized to drive 
capacitances above 200pF. Care should always be taken 
when driving high capacitive loads to make sure the 
maximum power dissipation level of the chip is not 
exceeded. 



CL(nF) 


Another side effect of the output stage should be con- 
sidered. Any node in a circuit capable of driving large 
capacitances at these rates begins quickly to resemble 
an LC tank. Transmission lines, even one inch in 
length, can become troublesome. The trouble occurs 
when, on the falling edge at an output, the load rings 
and actually pulls the output pin below ground. For 
years IC manufacturers have been warning users not to 
allow certain pins to go below ground and the 3825 out- 
put pins carry the same warning. The collector of the 
pull down transistor becomes a parasitic npn emitter 
when pulled below the chip’s substrate, which is groimded 
(figure 4). The collector, or collectors as the case is, are 
every other npn collector and pnp base on the chip. The 
ones that are closer to the parasitic emitter collect pro- 
portionally more current than ones further away. Physi- 
cal size of the parasitic collectors also plays a similar 
role. The results of this phenomenon can range from 
nonobservable to severe. Resembling leakage current 
internally, reference voltages can be altered, oscillator 
frequency can jitter, or chip temperature can be ele- 
vated. Dummy collectors tied to ground are inserted 
into the 3825 chip which help to attenuate this problem 
but the designer still needs to be aware of it. The pro- 
blem’s potential is not a horror story, though. Among 
the easiest of solutions is some form of damping in the 
load circuit (for example ten ohms series resistance) 
and a good high speed diode, Schottky if possible, to 
clamp the output pin’s negative going excursion. 
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TYPICAL PNP TYPICAL NPN OUTPUT NPN 


FIGURE 4. PARASITIC NPN TURNS ON WHEN SUBSTRATE - EPI JUNCTION IS FORWARD BIASED. 


HIGH SPEED 

COMPLEMENTARY BLOCKS 

An integrated circuit controller with delays of 50ns 
through its speed critical path is certainly a leading 
candidate for high frequency switcher applications. 
There are a few blocks just off the race path that need 
also to be fast in order to fully qualify the chip for such 
applications. The oscillator and error amplifier are two 
such blocks. 

Oscillator 

From the users point of view, the oscillator looks 
identical to many that have gone before it (figure 5a). 
Composed of an all npn comparator, this oscillator has 
dual thresholds - the upper at 2.8 Volts and the lower at 
one Volt. Charging current for the timing capacitor, Ct, 
is mirrored from the timing resistor, Rt. The Rt pin is 
held at a temperature stable 3 Volts. Temperature 
stability of the oscillator, then, is achieved by main- 
taining stable thresholds at the comparator. When Ct 
has charged to the upper threshold, Q3 turns on to sink 
a controlled current of approximately 10 mA. The effect 
of this action is that the discharge of Ct is done in an 
orderly manner allowing the comparator to reliably 
catch it when crossing the lower threshold. This also 
prevents Q3 from saturating, reducing delays in the 
oscillator and enabling it to operate at higher frequen- 
cies. The 3825 oscillator is nominally specified at 400kHz 
with an initial guaranteed accuracy of 10%. Tempera- 
ture stability is typically better than 5% while voltage 
stability (frequency shift over supply voltage) is 0.2%. 


Oscillator dead time, which effects controller dynamic 
range, can typically be held to 100ns at IMHz, allowing 
90% duty cycles. 

In applications where two 3825’s are used in close 
proximity and synchronization is desired (figure 5b), 
the oscillator in one chip can be disabled by tying Rt to 
the reference Voltage. That chip, then, must be clocked 
by joining the clock pins of both chips. Multiple 3825’s 
also can be synchronized from a master 3825 or other 
external sync signal. The slave chips are programmed 
to run at a frequency somewhat lower than the master 
chip. The master then inserts a sync pulse forcing each 
slave’s Ct over the top threshold and causing discharge 
action to occur. This way, each chip generates its own 
clock pulses synchronized to a master clock. 

Error Amplifier 

The 3825 error amplifier is a voltage gain amp with 
premium bandwidth and slew rate. Again using only 
npn’s in the signal path, a compensated unity gain 
bandwidth of 5.5 MHz is achieved. The simplified 
schematic (figure 6) shows the signal path of the ampli- 
fier. Note that while the compensation scheme is not 
extremely complex or brand new in nature, neither is it 
the simple dominant pole approach. Included are two 
zeros located beyond the unity gain frequency to en- 
hance phase margin. One is created by a capacitor 
across the emitter degeneration resistors in the first 
stage and the second is formed by a resistor in series 
with the dominant pole capacitor. 
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FIGURE 6. SIMPLIFIED SCHEMATIC OF WIDE BAND ERROR AMPLIFIER SHOWING SOFT START CLAMP SCHEME. 


By degenerating Gm, the emitter resistors allow an 
increased first stage bias current level. This contributes 
to a 12 y/ius typical slew rate. High slew rate, while 
desirable for good large signal transient response, is not 
enough to guarantee minimal response time. Often an 
amplifier may have high slew rates yet exhibit long 
delay times coming out of saturation when it has been 
driven to a rail. To defeat this problem, all critical 
nodes within the amp have been Schottky clamped. 

GLUE BLOCKS 

The remaining blocks, while not speed critical, mold 
the 3825 into a more complete PWM controller. The 
reference, a time proven design, is trimmed to guaran- 
tee 5.1 Volts at better than one percent tolerance. This 
voltage is then held over conditions of line, load, and 
temperature changes to a two percent total spread. 

Soft-start is very simply implemented by a pnp 
clamp transistor merged into the output stage of the 
error amp (figure 6). During soft start, while the 9/iA 
current source is charging the external capacitance on 
pin 8, Q4 actively forces pin 3 to follow pin 8. In this 
manner a controlled slow start can be achieved for 
either voltage or current mode systems. When the error 
amp comes into regulation, Q4’s emitter-base junction 
is reverse biased and offers no further interference to the 
normal operation of the amp. 


In addition to slow starts, the soft-start pin can be 
used to other ends. Clamping the maximum voltage 
this pin is allowed to rise to will then effectively clamp 
the maximum swing of the error amplifier. In a conven- 
tional PWM scheme this results in a duty cycle clamp 
while in a current mode application, it establishes the 
maximum peak current level. 

Fault conditions are sensed by the 3825 at pin 9 
which is shared by the inputs of the current limit com- 
parator and the shut down comparator. When this pin 
exceeds one Volt, the current limit comparator sets the 
PWM latch, terminating the output for the remainder 
of that cycle. As with normal operation, setting the 
PWM latch causes the toggle flip-flop to switch states. 
If the pin is further raised to exceed 1.4 Volts, the shut- 
down comparator forces the soft-start pin to sink a 
guaranteed minimum of one milliampere rather than 
sourcing 9 microamperes. Thus the shut down com- 
parator causes the soft start capacitor to be discharged 
rapidly. After the fault signal is removed the 3825 will 
then execute a normal soft-start sequence. 

One method of combining current-limit and shut- 
down signals is shown in figure 7. Here, in a current 
mode control example, a current sense transformer is 
used to translate switch current to proper voltage analogs 
for optimal control at both the Ramp and Current-limit 
sense pins while the shut-down signal is inserted with a 
resistive summing technique. 
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FIGURE 7. CURRENT LIMIT SENSE AND SHUT DOWN SIGNALS ARE COMBINED AT PIN 9 IN THIS CURRENT MODE 
EXAMPLE. 
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Starting the 3825 involves the Under-voltage lock- 
out portion of the chip. This block acts like a com- 
parator with it’s inverting input biased to 9 Volts and 
having 0.8 Volts of hysteresis. If Vcc is below the UVLO 
threshold, the reference generator and the internal bias 
are turned off, Keeping Icc at a typical 1.1 mA and the 
outputs in a high impedance state. When Vcc exceeds 
the UVLO threshold, the reference is turned on and the 
chip comes alive. Bedlam is avoided, however, as a 
second comparator monitors the reference voltage and 
inhibits the outputs until the reference is high enough 
to ensure intelligent operation. This inhibit signal also 
holds the soft start pin at a low voltage. After the 
reference is sufficiently high, the chip begins a soft 
start sequence. 

50 WATT DC-DC 
PUSH-PULL CONVERTER 

A 48 to 5 Volt, 50 Watt converter has been built as a 
test vehicle for the chip (figure 8). Designed around a 
push pull, current mode controlled topology, the circuit 
runs from a 1.5 MHz clock. In the interest of simplicity, 
the ramp input and current limit pins were tied together 


underutilizing the available dynamic range .of the 
Ramp pin by a factor of 3. A ground plane, judicious 
bypass capacitors and tight layout technique yielded a 
circuit that could be easily interrogated without signifi- 
cant noise interference problems. 

In this simple application, the 3825 performs all the 
tasks required to regulate the 50 W power stage. The 
gate drive for the two power mosfets comes directly 
from the chip. Current loop slope compensation is resis- 
tively summed with the current sense signal at pin 7. 
Overall loop compensation is implemented with two 
resistors and a capacitor on the error amplifier. Taking 
advantage of the 1.5 MHz switching frequency and the 
wide bandwidth characteristics of the error amp, the 
control loop was compensated to zero dB at 300kHz. 

CONCLUSION 

Presenting an easy to use PWM architecture, the 
UC3825 possesses the necessary high speed characteris- 
tics to control switchers in the higher frequency ranges. 
This fills a void that has hindered' high frequency 
applications in the past. A simple example running at. 
1.5 MHz points to a future of faster switching supplies. 
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USING AN INTEGRATED CONTROLLER IN 
THE DESIGN OF MAG-AMP OUTPUT REGULATORS 

By 

Robert A. Mammano, Unitrode 1C Corp. 

Charles E. Mullett, Mullet Associates, Inc. 


Magnetic amplifier technology dates back considerably 
further than transistors but its wide-spread use has been 
slow in developing. While many factors may have been 
responsible for this, at least one — the high cost of 
tape-wound magnetic cores — has been alleviated with 
significant recent price reductions and the introduction 
of less expensive materials. And now, another one — the 
problems in designing effective control loops utilizing 
mag amps as voltage regulators — has fallen with the 
introduction of an IC dedicated to mag amp control — 
the UC1838. 

While there are many types of power supply applications 
where mag amps may effectively be used, one of the most 
popular current uses is as a secondary regulator in multiple 
output power supplies configured as shown in Figure 1. The 
problem with multiple outputs stems from the fact that the 
open-loop output impedance of each winding, rectifier, and 
filter is not zero. Thus, if one assumes that the overall feed- 
back loop holds the output of Voi constant, then increasing 
the loading on Voi will cause the other outputs to rise as 
the primary circuit compensates; similarly; increasing the 
loading on any of the other outputs will cause that output 
to droop as the feedback is not sensing those outputs. While 
these problems are minimized by closing the feedback loop 
on the highest power output, they aren’t eliminated and 
auxiliary, or secondary regulators are the usual solution. A 
side benefit of secondary regulators, particularly as higher 
frequencies reduce the transformer turns, is to compensate 
for the fact that practical turns ratio may not match the 
ratio of output voltages. Clearly, adding any form of regu- 
lator in series with an output adds additional complexity 
and power loss. Mag amps are a hands down winner in 
both areas. 



Figure 1. A typical multiple output power supply 
architecture with overall control from one output. 


MAG AMP VOLTAGE REGULATORS 

Although called a magnetic amplifier, this application really 
uses an inductive element as a controlled switch. A mag amp 
is a coil of wire wound on a core with a relatively square 
B-H characteristic. This gives the coil two operating modes: 
when unsaturated, the core causes the coil to act as a high 
inductance capable of supporting a large voltage with little 
or no current flow. When the core saturates, the impedance 
of the coil drops to near zero, allowing current to flow with 
negligible voltage drop. Thus a mag amp comes the closest 
yet to a true “ideal switch” with significant benefits to 
switching regulators. 

Before discussing the details of mag amp design, there are 
a few overview statements to be made. First, this type of 
regulator is a pulse-width modulated down-switcher imple- 
mented with a magnetic switch rather than a transistor. It’s 
a member of the buck regulator family and requires an 
output LC filter to convert its PWM output to DC. Instead 
of DC for an input, however, a mag amp works right off the 
rectangular waveform from the secondary winding of the 
power transformer. Its action is to delay the leading edge of 
this power pulse until the remainder of the pulse width is 
just that required to maintain the correct output voltage 
level. Like all buck regulators, it can only subtract from the 
incoming waveform, or, in other words, it can only lower 
the output voltage from what it would be with the regulator 
bypassed. As a leading-edge modulator, a mag amp is 
particularly beneficial in current mode regulated power 
supplied as it insures that no matter how the individual 
output loading varies, the maximum peak current, as seen 
in the primary, always occurs as the pulse is terminated. 

MAG AMP OPERATION 

Figure 2 shows a simplified schematic of a mag amp 
regulator and the corresponding waveforms. For this 
example, we will assume that Ns is a secondary winding 
driven from a square wave such that it provides a ±10 volt 
waveform at Vi. At time t = 0, Vi switches negative. Since 
the mag amp, LI, had been saturated, it had been delivering 
+ lOV to V3 prior to t = 0 (ignoring diode drops). If we 
assume Vc = -6V, as defined by the control circuitry, when 
V, goes to -lOV, the mag amp now has four volts across it 
and reset current from Vc flows through D1 and the mag 
amp for the 10 that Vi is negative. This net four volts for 
10 fiS drives the mag amp core out of saturation and resets it 
by an amount equal to 40V-/iS. 
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Figure 2. A simplified mag amp regulator and 
characteristic waveforms. 


When t = 10 fxS and Vi switches back to + lOV, the mag 
amp now acts as an inductor and prevents current from 
flowing, holding V2 at OV. This condition remains until the 
voltage across the core — now 10 volts — drives the core 
back into saturation. The important fact is that this takes 
the same 40 volt-/iS that was put into the core during reset. 




Figure 4. Control waveforms for a typical two-output, 
secondary regulated, forward converter. 


THE UC1838 MAG AMP CONTROLLER 


When the core saturates, its impedance drops to zero and v, 
is applied to V2 delivering an output pulse but with the lead- 
ing edge delayed by 4 ijlS. 


Figure 3 shows the operation of the mag amp core as it 
switches from saturation (point 1) to reset (point 2) and 
back to saturation. The equations are given in cgs units as: 

N = mag amp coil turns 
Ae = core cross-section area, cm^ 
fe = core magnetic path length, cm 
B = flux density, gauss 
H = magnetizing force, oersteads 


The significance of a mag amp is that reset is determined by 
the core and number of turns and not by the load current. 
Thus a few milliamps can control many amps and the total 
power losses as a regulator are equal to the sum of the con- 
trol energy, the core losses, and the winding PR loss — each 
term very close to zero relative to the output power. 



Figure 3. Operating on the B-H curve of the magnetic core. 


Figure 4 shows how a mag amp interrelates in a two-output 
forward converter illustrating the contribution of each 
output to primary current. Also shown is the use of the 
UC1838 as the mag amp control element. 


While bringing no major breakthroughs in either integrated 
circuit or power supply technology, the UC1838 provides 
a low-cost, easy-to-use, single-chip solution to mag amp 
control. The block diagrams of this device, as shown in 
Figure 5, includes three basic functions: 

1. An independent, precise, 2.5V reference 

2. Two identical, high-gain operational amplifiers 

3. A high-voltage PNP reset current driver. 



° — I 

12.13 ^ 



Figure 5. The block diagram of the UC1838 mag-amp 
control integrated circuit. 

The reference is a common band-gap design, internally trim- 
med to 1%, and capable of operating with a supply voltage 
of 4.5 to 40 volts. The two op amps are identical with a 
structure as shown simplified in Figure 6. These amplifiers 
have PNP inputs for a common mode input range down to 
slightly below ground and have class A outputs with a 1.5 
MA current sink pull down. The open loop voltage gain 
response, as shown in Figure 7, has a nominal 120 dB of 
gain at DC with a single pole roll-off to unity at 800 KHz. 
These amplifiers are unity-gain stable and have a slew rate 
ofO.3 V//4S. 
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Figure 6. Simplified schematic of each of the operational 
amplifiers contained within the UC 183 8. 



Figure 7. Open-loop gain and phase response for the 
UC1838 op amps. 

Two op amps are included to provide several design options. 
For example, if one is used to close the voltage feedback 
loop, the other could be dedicated to some protective 
function such as current limiting or over-voltage shutdown. 
Alternatively, if greater loop gain is required, the two 
amplifiers could be cascaded. 


The PNP output driver can deliver up to 100 MA of reset 
current with a collector voltage swing of as much as 80 volts 
negative (within the limits of package power dissipation). 
Remembering that the mag amp will block more volt- 
seconds with greater reset, pulling the input of the driver 
low will attempt to reduce the output voltage of the regu- 
lator. Thus, there are two inputs, diode “OR” ed to turn 
on the driver, turning off the supply output. 

With internal emitter degeneration, this reset driver operates 
as a transconductance amplifier providing a reset current as 
a function of input voltage as shown in Figure 8. The fre- 
quency response of this circuit is plotted in Figure 9 showing 
flat performance out to one megahertz. 


Reset Driver DC Transfer Function 



INPUT VOLTAGE - Volts (W.R.T, Vm) 


Figure 8. Transconductance characteristics of the UC1838 
reset current generator. 


Reset Driver Response 



SIGNAL FREQUENCY - (Hz) 


180 

225 

270 

315 

360 


Figure 9. Reset driver frequency response. 


Current limiting to protect the output driver is achieved by 
means of the 3.5 V Zener clamp (which is temperature com- 
pensated to match two VBE’s) in conjunction with the 20Q 
emitter resistor. It should be noted that thermal shutdown is 
purposely not included since protecting the driver by turning 
it off would mean losing control of the power supply output. 
Pin 11 — the emitter of the driver — can be connected to 
any convenient voltage source from 5VDC to the level used 
to supply the op amps. Note that the op amp supply must 
be at least 2 volts higher than the DC level on the inputs, a 
point to remember when selecting a location for current 
sensing. One possible configuration for a complete 
secondary regulator with shutdown control is shown in 
Figure 10. 
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45 TURNS 4.12V. 4A OUTPUT WITH 



Figure 10. Using the UC1838 to provide both voltage control and over-current shutdown in a typical 12V, 4A regulator. 


MAG AMP DESIGN PRINCIPLES 

One of the first tasks in a mag amp design is the selection 
of a core material. Technology enhancements in the field of 
magnetic materials have given the designer many choices 
while at the same time, have reduced the costs of what might 
have been ruled out as too expensive in the past. A compari- 
son of several possible materials is given in Figure 11. Some 
considerations affecting the choices could be: 

1. A lower Bmax requires more turns — less important at 
higher frequencies since fewer turns are required. 

2. Higher squareness ratios make better switches 

3. Higher Im requires more power from the control circuit 

4. Ferrites are still the least expensive 

5. Less is required of the mag amp if it only has to regulate 
and not shut down the output completely 


MATERIALS 


Example; Similar Toroids. 1"O.D.. 0.75" I. D., 0.25" High, 25KHz. 20V. 


Trade Name 

Composition 

Bmax 

(kG) 

Core Loss 
@ Bmax 

Squareness 

Ratio 

Turns 

Req’d 

Im 

(A) 

Sq. Permalloy 80 

79% Ni, 
17% Fe 

7 

1.2W 

0.9 

19 

0.04 

Supermalloy 

78% Ni, 
17% Fe, 

50/0 Mo 

7 

1.0W 

0.55 

19 

0.03 

Orthonol 

50% Ni 
50% Fe 

14 

7.2W 

0.97 

10 

0.39 

Sq. Metglass 

Fe.B 

16 

7.6W 

0.5 

9 

0.06 

Power Ferrites 

Mn, Zn 

4.7 

1.8W 

0.4 

11 

0.1 

Sq. Ferrite 
(Fair-Rite #83) 

Mn 

3.9 

2.8W 

0.9 

13 

0.4 


Figure 11. A comparison of several types of core materials 
available for mag amp usage. 


In addition to selecting the core material, there are 
additional requirements to define, such as: 

1. Regulator output voltage 

2. Maximum output current 

3. Input voltage waveform including limits for both voltage 
amplitude and pulse width 

4. The maximum volt-seconds — called the “withstand 
area,” A — which the mag amp will be expected to 
support 

With these basic facts, a designer can proceed as follows: 

1. Select wire size based on output current. 400 amp/cm^ is 
a common design rule. 

2. Determine core size based upon the area product: 

AwAe = Ax X A X 10^ where 
AB X K 

Aw = Window area, cm^ 

Ae = Effective core area, cm^ 

Ax = Wire area, (one conductor) cm^ 

A = Required withstand area, V-sec 
AB = Flux excursion, gauss 
K = Fill factors « 0.1 to 0.3 ' 

3. Calculate number of turns from 
N = A X 10^ 

AB X Ae 

4. Estimate control current from 

Ic « Ml? where 

0.4 TT N 

le = core path length, cm 

H is taken from manufacturer’s curves. Note that it 
increases with frequency. 

5. Check the temperature rise by calculating the sum of the 
core loss and winding loss and using 

AT = P watts 0.8 X 444'>C 

A (surface) cm^ 

6. Once the mag amp is defined, it can be used in the power 
supply to verify Ic and to determine the modulator gain 
so that the control requirements may be determined. 
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COMPENSATING THE MAG AMP CONTROL LOOP 

The mag amp output regulator is a buck-derived topology, 
and behaves exactly the same way with a simple exception. 

Its transfer function contains a delay function which results 
in additional phase delay which is proportional to frequency. 

Figure 12 shows the entire regulator circuit, with the modu- 
lator, filter, and amplifier blocks identified. The amplifier, 
with its lead-lag network, is composed of the op-amp 
plus Rl, R2, R3, Cl, C2, and C3. The modulator, for the 
purpose of this discussion, includes the mag amp, the 
two rectifier diodes, plus the reset driver circuit which 
is composed of Dl, Ql, and R7. 



(AMPLIFIER OUTPUT) 


Figure 12. Schematic diagram of a typical regulator 
control loop. 

The basic filter components are the output inductor (L) 
and filter capacitor (C4) and their parasitic resistances R4 
and R5. For this discussion, a 20 KHz, 10 Volt, 10 Amp 
regulator is used. The output inductor has been chosen to 
be 100 /iH, the capacitor is 1000 /iF and each has .01 ohms 
of parasitic resistance. The load resistor (R6) of 1 ohm is 
included since it determines the damping of the filter. 

The purpose of proper design of the control loop is to 
provide good regulation of the output voltage, not only 
from a dc standpoint, but in the transient case as well. This 
requires that the loop have adequate gain over as wide a 
bandwidth as practical, within reasonable economic 
constraints. These are the same objectives we find in all 
regulator designs, and the approach is also the same. 

A straightforward method is to begin with the magnitude 
and phase response of the filter and modulator, usually 
by examining its Bode plot. Then we can choose a desired 
crossover frequency (the frequency at which the magnitude 
of the transfer function will cross unity gain), and design the 
amplifier network to provide adequate phase margin for 
stable operation. 

Figure 13 shows a straight-line approximation of the filter 
response, ignoring parasitics. Note that the corner frequency 
is 1/(2 TT VLC), or 316 Hz, and that the magnitude of the 
response “rolls off” at the slope of -40 dB per decade 
above the corner frequency. Note also that the phase lag 
asymptomatically approaches 180 degrees above the corner 
frequency. 



Figure 13. Output filter response. 


To include the effects of the mag amp modulator, we must 
consider the additional phase shift inherent in its transfer 
function. This phase delay has two causes: 

1. The output is produced after the reset is accomplished. 
We apply the reset during the “backswing” of the 
secondary voltage, and then the leading edge of the 
power pulse is delayed in accordance with the amount 
of reset which was applied. 

2. The application of reset to the core is a function of the 
impedance of the reset circuit. In simple terms, the core 
has inductance during reset which, when combined with 
the impedance of the reset circuit, exhibits an I^R time 
constant. This contributes to a delay in the control 
function. 

The sum of these two effects can be expressed as: 

0m = - (2 D + a) , where 
cos 

0M = Modulator phase shift 

D = Duty ratio of the “off” time 

a = resetting inipedance factor: = 0 for a current 

source; = 1 when resetting from a low-impedance 
source; and somewhere in between for an 
imperfect current source. 

cos = 2 TT fs, where fs = the switching frequency. 

When the unity-gain crossover frequency is placed at or 
above a significant fraction (lO^^^o) of the switching fre- 
quency, the resultant phase shift should not be neglected. 
Figure 14 illustrates this point. With cx = 0, we insert no 
phase delay, and with (x = 1 we insert maximum phase 
delay, which results from resetting from a voltage source 
(low impedance). The phase delay is minimized in the 
UC1838 by using a collector output to reset the mag amp. 



It is difficult to include this delay function in the transfer 
function of the filter and modulator. A simple way to 
handle the problem is to calculate the Bode plot of the 
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filter/modulator transfer function without the delay 
function, and then modify the phase plot according to 
the modulator’s phase shift. 

Using this technique, the Bode plot for the modulator and 
output filter of this example has been calculated assuming 
a. = 0.2 and D = 0.6 yielding the graph of Figure 15. 



Figure 15. Filter-modulator response including the effects of 
mag amp phase delay. 

If we now close the loop with an inverting error amplifier, 
introducing another 180 degrees of phase shift, and cross 
the unity gain axis above the corner frequency, we will have 
built an oscillator — unity gain and 360 degrees of phase 
shift. 


An alternative, of course, is to close the loop in such a way 
as to cross the unity-gain axis at some frequency well below 
the corner frequency of the filter, before its phase lag has 
come into play. This is called “dominant pole” compen- 
sation. It will result in a stable system, but the transient 
response (the settling time after an abrupt change in the 
input or load) will be quite slow. 


The amplifier network included in Figure 12 allows us to 
do a much better job, by adding a few inexpensive passive 
parts. It has the simplified response shown in Figure 16. The 
phase shift is shown without the lag of 180 degrees inherent 
in the inversion. This is a legitimate simplification, provided 
that we use an overall lag of 180 degrees (not 360 degrees) as 
our criterion for loop oscillation. 



Figure 16. Compensated amplifier frequency and 
phase response. 

The important point is that this circuit provides a phase 
“bump” — it can have nearly 90° of phase boost at a 
chosen frequency, if we provide enough separation between 
the corner frequencies, fl and f2. This benefit is not free, 
however. As we ask for more boost (by increasing the sepa- 
ration between fl and f2) we demand more gain-bandwidth 
of the amplifier. 


DESIGN EXAMPLE 

An 8V, 8 A Output Derived from a 12V Output — 

20 KHz Push-Pull Converter 

This example uses the UC1838 to control a full-wave mag 
amp output regulator, with independent shutdown current 
limiting. Capsule specifications are as follows: 

INPUT PWM quasi-square wave which, without the 
magamp, produces 12 Vdc. 

OUTPUT. 8.0 Vdc ±\% at load currents from 1 to 8 A. 
OUTPUT RIPPLE: Less than 50 mV p-p. 

TRANSIENT RESPONSE: For load changes of 6 to 8 and 
8 to 6A, peak excursion of the output shall be less than ±2^o 
and settle to within 1% of the final value within 500 ;tS. 
OUTPUT PROTECTION: The 8V output shall have 
independent current limiting, so as not to shut down the 
12V output when the 8V output is overloaded or short- 
circuited. It shall recover from the overload automatically 
when the overload is removed. 

Figure 17 shows the proposed circuit approach. A current 
transformer has been used to sense the overload, simply to 
illustrate this approach. A simple series resistor of perhaps 
.01 or .02 ohms would do as well here, but the current trans- 
former is preferred for high-current outputs. 



DESIGN APPROACH 


With the input waveform already set by the converter 
design, and the above specifications to define the desired 
output, the new output circuit will be approached as 
follows: 

1. Draw the preliminary schematic. 

2. Design the mag amp. 

3. Design the feedback loop. 

4. Design the current limiter. 

5. Build the breadboard and test it. 

PRELIMINARY SCHEMATIC 

Figure 17 shows the preliminary circuit diagram. Parasitic 
resistance of the output filter inductor and capacitor (R4 
and R5) are shown, along with the expected feedback com- 
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pensation elements (Rl, R2, R3, Cl, C2, and C3). These will 
be referenced in the mag amp design. 

MAG AMP DESIGN 

The information necessary to the design is. as follows: 

1. Input pulse: nominally 32V x 9 ^S, = 288 
volt-microseconds. 

2. Duty ratio of the “off” time: nominally (25 - 9 fiS)/ 

25 fiS = .76, since the frequency at the output is 40 KHz. 

3. Output current: 8A. 

4. Regulation only, or complete shutdown required? 
Shutdown. 

Comments on the output filter 

Design of the output filter is not complicated by the 
presence of the mag amp. In this case, it was designed with 
output ripple specs, and capacitor ripple current in mind. 
Although this design has adequate inductance for contin- 
uous conduction of the inductor at minimum load, this is 
not mandatory. The mag amp, when designed for shutdown, 
is capable of regulating the output in the discontinuous 
conduction mode. 

Mag amp core selection 

1. Wire size: The current waveform in the magamp can be 
analyzed as follows: During the power pulse, the current 
is approximately 8 A (inaccurate only due to the “tilt” of 
the top of the current pulse); the duty ratio of this pulse 
is half the ratio of the output voltage to the pulse height, 
or .5 X 8/30 = .12. During the dead time between 
pulses, the inductor current is shared by the rectifier 
diodes and the “catch” diode. The duty ratio is 

1 - 2 X .12 = .76, and the current during this interval is 
8/3 A. During the remaining interval the current is zero, 
because the entire 8 A is flowing in the other mag amp. 
The rms value of the current can now be computed: 

Irms = X .12 + (8/3)^ X .76 = 3.62 A. 

At 400 Amp/cm^ a wire. area of approx. .0091 cm^ is 
. required. 16 gauge wire has an area of .0131 and is chosen 
for the mag amp. 

2. Core selection: An appropriate material at this frequency 
is square-loop 80% nickel (Square Permalloy 80 or eq.) 
with a tape thickness of 1 mil. The saturation flux 
density if this material is 7000 gauss. A fill factor of 0.2 is 
chosen for the winding. The required area product is: 
AwAe = Ax X A X lO* ^ .0131 x 288 x IQ-^ x 10« ^ J 35 

AB X K 2 X 7000 X 0.2 

which can be divided by 5.07 x 10-^ cmVC.M. in order 
to refer to core manufacturer’s tables. 

An appropriate core is the Magnetics 52002-10, which 
(with 1 mil tape thickness) has an area product of .026 x 
10® C.M. cm^ The core area of this core is 0.076 cm^ 

3. Determine the number of turns: The mag amp must be 
able to withstand the entire area of the input pulse, which 
is 288 volt-microseconds. 

N = A X 10® ^ 288 X 10-6 X 10® ^ 21 turns. 

2 X Bm X Ac 2 x 7000 x .076 
Allowing an extra 20% for variations in Bm, pulse 
dimensions, etc., the winding is chosen to be 33 turns. 


FEEDBACK LOOP DESIGN 

The key steps in the design of the feedback loop 
are as follows: 

1. Determine the modulator’s dc transfer function. 

2. Plot the transfer function of the modulator and filter, 
to determine the gain and phase boost required of the 
feedback amplifier. 

3. Design the feedback amplifier. 

4. Plot the results in the form of the closed-loop 
transfer function. 

Plotting the modulator’s transfer function can be easily 
done experimentally with the UC1838 by opening the feed- 
back loop at the input to the Reset Driver and driving this 
point (pin 15 or 16) directly. For interest, the reset current is 
also measured with the help of a 1 ohm resistor placed in 
series with the emitter of the reset transistor (pin 11 of the 
UC1838). The results are shown in Figure 18, with load 
resistors of 1 ohm and 10 ohms. 



Figure 18. DC gain of the mag amp modulator. 


Note that the results are practically the same at both load 
values. This is to be expected, since the output inductor is 
still in the continuous conduction mode at the minimum 
load. 

In the region of the desired output (8V and 8A load), the 
modulator dc gain is approximately 12.5, or 22 dB. In 
. addition to the phase shift of the filter, the modulator con- 
tributes- additional phase lag.V Assuming that we will not 
attempt to cross unity-gain at a frequency above one-tenth 
the switching frequency, we can neglect the phase lag due 
to the impedance of the core and the reset circuit. But 
we cannot neglect the phase lag resulting from the delay 
between the time of resetting the core and the time when 
the core delivers its output: 

0M = 2D -^^L , where 

0)5 

0M = Modulator phase shift 

D = Duty ratio of the “off” time (.76 in this example) 

0)5 = 2 D fa, where fa = the switching frequency (40 KHz) 

We can use any one of the common circuit analysis pro- 
grams for analyzing the filter-modulator, neglecting the 
modulator phase lag when running the program, and then 
adding it later. Or, the lag may be included in a more sophis- 
ticated analysis program. The resultant response prediction 
is shown in Figure 19. 
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Figure 19. Calculated response plot for the modulator 
and filter. 

Note the shape of the phase response. In the region of 
2 KHz the phase lag is decreasing, due to the ESR of the 
output capacitor. Above 6 KHz the modulator’s phase lag 
becomes important, and the phase lag increases. 

Choosing one-tenth the switching frequency for the unity- ■ 
gain crossover frequency (4 KHz), we can determine the 
desired gain and phase boost of the feedback amplifier. At 
4 KHz, the gain of the modulator is -15 dB (a factor of .179) 
and the phase shift is -135 degrees. It is generally recom- 
mended that there be at least 60 degrees of phase margin at 
the crossover frequency. This will require reduction of the 
phase lag to -120 degrees. 

In accordance with the design procedure of Venable^ the 
required boost is: 

Be = M - P - 90, where 

M = desired phase margin, and P = filter & modulator 
phase shift. 

In this case. Be = 60 - (-135) -90 = 105 degrees. This is 
comfortably within the theoretical limit of 180 degrees, 
inherent in the amplifier configuration shown in Figure 17. 
The gain required at the crossover frequency is the reciprocal 
of the modulator’s gain, or -l-15dB = a gain of 5.6. 

Continuing with the procedure, we can now compute the 
amplifier components: 


K = (Tan [ (Bc/4) -f 45] y 

= 8.65 

C2 = l/(2 7rf GRl) 

= .00071 ^F 

Cl = C2 (K - 1) 

= .0055 fiF 

R2 = VK/(2 7rfCl) 

= 21,485 ohms 

R3 = R1/(K - 1) 

= 1,302 ohms 

C3 = l/(2 7rfVKR3) 

= .01 /iF 

where f = crossover frequency in Hz, G = amplifier gain at 
crossover (expressed as a ratio, not as dB), and K is a factor 


which describes the required separation of double poles and 
zeroes to accomplish the desired phase boost. These 
frequencies are: 

fl = f/VlC (double zero), and f2 = fV^ (double pole). 

In this example, fl = 1361 Hz and f2 = 11.76 KHz. With 
this information at hand, it is wise to check the gain-band- 
width required of the feedback amplifier to see that the 
circuit’s needs can be met with one of the amplifers in the 
UC1838. Knowing that the amplifier rolloff is 20 dB per 
decade, we can simply calculate the required gain-bandwidth 
at f2 and see that it is well below the gain-bandwidth of 
the amplifier. 


The gain at f2 is: 

Gf 2 = ^Tk G, and hence the required gain-bandwidth is: 
GBW = ^J~K G f2 = K G f, where G is the desired gain at 
crossover. 

In this example, GBW = 8.65 x 5.6 x 4000 = 194 KHz. 
This is comfortably below the gain-bandwidth of the 
amplifier, which is 800 KHz. 

For interest, the response of the amplifier is plotted in 
Figure 20. Note that the gain reaches a minimum at 1.3 
KHz, and that the phase boost peaks at 4 KHz, as intended. 



Figure 20. Compensated amplifier response. 

Figure 21 shows the overall response, combining the 
filter-modulator’s response with that of the feedback 
amplifier. Note the 60 degrees of phase margin at the 
crossover frequency. 



Figure 21. Total loop response with 60 degrees of phase 
margin at crossover. 

CURRENT LIMITER DESIGN 

Although a series sensing resistor might have been accept- 
able at this level of output current, a current transformer, 
T1 in Figure 17, has been used for the sake of interest. The 
secondary has 100 turns, and each primary winding is 
simply one pass through the toroid. 

The amplifier performs as an integrator rather than as 
a comparator, the form found in many primary current 
limiters of switched-mode controllers. This is not an arbi- 
trary choice. Since the current pulse occurs during the time 
that the core is obviously not being reset, the circuit must 
have “memory” — it must apply a shutdown command to 
the reset transistor during the next reset interval. Although 
many sophisticated schemes can be devised, the integrator 
is attractive because of its simplicity. 
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A diode is placed across the input resistor of the integrator, 
to force its output down quickly when receiving the narrow 
pulses which occur when the circuit is in current limit. The 
circuit of this example was developed experimentally. A 
future goal is to explore this in detail and develop a more 
rigorous approach. The performance of this circuit is 
illustrated with waveform photos later in the paper. 

BREADBOARD TEST RESULTS 

Figure 22 shows the waveform of the input voltage which 
is applied to the mag amp core, and the current of the two 
mag amps combined (by placing a current probe on the 
return leg of the secondary of the converter’s transformer). 
The lower two traces are expanded versions of the top ones, 
and one can see clearly the effect of the transformer’s leak- 
age inductance: the voltage pulse has a “dent” in it during 
the rise of the current in the mag amp. 



1. Secondary voltage, 50V, 5 /^s/div. 

2. Current in return (center tap) of secondary. 5A, 5 pis/div. 

3. Secondary voltage, 50V, 1 /is/div. 

4. Current in return (center tap) of secondary. 5A, 5 /is/div. 
Figure 22. Input voltage and current to the mag amp. 

Also note the “backswing” at the end of each voltage pulse. 
This is the discharge of the energy stored in the saturated 
inductance of the mag amp core. Finally, note the rate of 
rise of the current pulse, which is determined by the satu- 
rated inductance of the mag amp, in series with the leakage 
inductance of the transformer. 

Figure 23 illustrates the operation of the mag amp in more 
detail. The upper trace is the input voltage of the mag amp, 
and the lower trace is its output. The reset volt-second prod- 
uct is the difference between the negative pulses of the two 
traces. The shape of the negative pulse in the lower trace is 
due to the changing impedance of the mag amp core during 
reset. 



Top: Secondary voltage (into mag amp), 20V x 5 /is/div. 
Bot: VouT of mag amp, 20V x 5 /is/div. 

Figure 23. Mag amp operation. 


Control loop transient response 

To test the response of the regulator to step changes in load, 
an electronic load was square-wave modulated at 500 Hz, 
betyveen the values of 6A and 8A. The results are shown in 
Figure 24. The upper trace is the regulator’s output voltage, 
showing peak excursions of less than 50 mV, and recovery 
time of .5 ms. The lower trace is the reset current, measured 
with a current probe at the collector of the reset transistor in 
the IC. 



Output transient response 6-8A AIload 
Top: Output voltage, 50mV x .5 ms/div, 

Bot: Reset current, 20mA x .5 ms/div. 

(Measured at collector of UC1838 transistor) 

Figure 24. Dynamic regulator response to step change in 
load between 6 and 8 amps. 

Response of the current limiter 

To illustrate the dynamic operation of the limiter, the 
current limit was set at 7A, and then the electronic load was 
modulated between 5.7A and 8.7A at a rate of approximately 
25 Hz. Figure 25 shows the output voltage in the top trace. 
The lower trace is the current in the output inductor. Note 
that the output voltage is well-behaved and that there is no 
overshoot of the inductor Current. 



Top: VouT, 2V X 20 ms/div, 

Bot: Inductor current, 2A x 20 ms/div. 

Figure 25. Response of current limiter with load switched 
between 5.7 and 8.5A; with current limit set at 7.5A. 

Finally, Figure 26 shows the operation of the current-limit- 
ing amplifier. The upper trace is the inductor current, and 
the lower trace is the output voltage of the current-detecting 
amplifier. Note the output waveform of the amplifier. 
Although the amplifier performs as an integrator, it slews 
fast enough to keep up with the rate of rise of the inductor 
current, thus adequately protecting the converter and output 
rectifiers. 
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Top: Inductor current, 2A x .1 ms/div. 

Bot: VouT of C.L. amp (pin 1), 2V x .1 ms/div. 

Figure 26. Response time of current limit amplifier. 

APPLICATIONS AT HIGHER 

SWITCHING FREQUENCIES 

As mag amp output regulators are applied at higher and 
higher switching frequencies, the second-order effects, of 
course, become more significant.^ Leakage inductance of the 
transformer and saturated inductance of the mag amp rob 
the circuit of its control range, since these produce addi- 
tional dead time at the leading edge of the output pulse. 

Even without the mag amp output regulator, this can be 
a problem in high-frequency switched-mode converters. 

Diode storage time has the same result. If the output side of 
the mag amp “sticks” at ground (during reverse recovery of 
the rectifier) while its input voltage swings negative, some 
unwanted reset will be applied to the mag amp. There are 
techniques to deal with this problem, by providing a shunt 
recovery path around the mag amp to remove the stored 
charge in the diode.'* 

The control circuit of the mag amp regulator is not involved 
in the cycle-by-cycle operation of the circuit; hence, the 
control IC is not a major barrier to raising the operating 
frequency. It does affect the situation in an indirect way, 
however. Its gain-bandwidth may limit the speed of transient 
response such that the loop crossover frequency cannot be 
raised in proportion to the switching frequency. In most 
applications this will not be objectionable. If it is, an out- 
board op amp can provide the additional gain-bandwidth. If 
the regulator is not required to have its own current limiter, 
then the second amplifier can be used in cascade with the 
first, to provide additional gain-bandwidth. 

The integration of the circuit blocks required to implement 
mag amp output regulators is an important contribution. It 
is especially beneficial to have the reset transistor included, 
as this can even eliminate a small heat sink. Finally, it is 
helpful not only in the design process but also in production 
to have a single component which encompasses all of the 
active control functions. As more and more designers are 
working with the same component, the development of the 
technology will be more focused, and this will be universally 
beneficial. 
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1.5 MHZ CURRENT MODE IC CONTROLLED 
50 WATT POWER SUPPLY 


Abstract 

This application note highlights the development 
of a 1.5 megahertz current mode IC controlled, 
50 watt power supply. Push-pull topology is 
utilized for this DC to DC converter application of 
-1-48 volts input to -f-5 volts at 10 amps output. 
The beneficial increase in switching speed and 
dynamic performance is made possible by a new 
pulse width modulator, the Unitrode UC3825. 
Reductions in magnetic component sizes are 
realized and the selections of core geometry, fer- 
rite material and flux density are discussed. The 
effects of power losses throughout the circuit on 
overall efficiency are also analyzed. 


Introduction 

The switching frequencies of power supplies 
have been steadily increasing since the advent of 
cost effective MOSFETS, used to replace the con- 
ventional bipolar devices. While the transition time 
in going from twenty to hundreds of kilohertz has 
been brief, few designers have ventured into, or 
beyond, the one megahertz benchmark. Until 
recently, those who have, had utilized discrete 
pulse width modulation designs due to the 
absence of an integrated circuit truely built for 
high speed. The 1.5 MHZ power supply shown 
schematically in figure 1 was designed to exem- 
plify high frequency power conversion under the 
supervision of such an IC controller, the UC3825.1 


Figure 1. Schematic Diagram 


ji 
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II. POWER SUPPLY SPECIFICATIONS 


Input Voltage Range: 
Switching Frequency: 
Output Power: 

Output Voltage: 
Output Current: 

Line Regulation: 

Load Regulation: 
Output Ripple: 
Efficiency: 


42 to 56 VDC 
1.5 MHz 
51 Watts Max. 
5.1 VDC Nom. 
2-10 ADC 
5 MV 
15 MV 
100 MVTyp. 
75% Typ. 


III. OPERATING PRINCIPLES 

Power can efficiently be converted using any of 
several standard topologies. Design tradeoffs of 
cost, size and performance will generally narrow 
the field to one that is most appropriate. For this 
demonstration application, the center-tapped 
push-pull configuration has been selected. 

Current mode control provides numerous advan- 
tages over conventional duty cycle control, and 
has been implemented as the regulation method. 
In review, the error amplifier output (outer control 
loop) defines the level at which the primary current 



Figure 2. Basic Diagram — Push-Puil Converter Using 
Current Mode Controi 

(inner loop) will regulate the pulse width, and out- 
put voltage. Pulse-by-pulse symmetry correction 
(flux balancing) is inherent to current mode con- 
trollers, and essential for the push-pull topology 
to prevent core saturation. 


A basic current mode controlled, mosfet switched 
push-pull converter is shown in figure 2. Transistor 
Q1 is turned on by a drive pulse from the PWM, 
causing primary current Ip to flow through the 
transformer primary, mosfet Q1 and sense resistor 
Rs. Simultaneously, diode D1 conducts current Ip 
X Np/Ns in the secondary, storing energy in in- 
ductor LI and delivering power to the output load. 
When Q1 receives a turn-off pulse from the PWM, 
it halts the current flow in the primary. Secondary 
current continues due to the filter inductor LI. 
Diodes D1 and D2 each conduct one-half the DC 
output current during these converter “off” times. 
This entire process is repeated on alternate 
cycles, as Q2 next is toggled on and off. The basic 
waveforms are shown in figure 3 for reference. 


Vgs (Qi) 0 



Ig (Q1) 0 




m 


Vgs(Q2)0 
Ig (Q2) 0 


Vds (Qi) 




JL 


"U 



IpRI 0 

VsEC 0 
Vdi 0 


lo 

Id1 Io/2 






ISEC 


Figure 3. Basic Push-Pull Waveforms 
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IV. DESIGN CONSIDERATIONS 

Auxiliary Supply Voltage 

The 9.2 volt minimum requirement of the UC3825 
and 20 volt gate-source maximum of the mosfets 
imply an approximate 10 thru 18 volt range of 
inputs. The 10 volt value was selected to supply 
both Vcc and Vc (totem pole outputs) while keep- 
ing power dissipation in the IC low. The circuit 
used is a simple resistor-zener dissipative network 
with ample bypassing capacitors located near the 
IC to reduce noise. 


Oscillator Frequency 

The oscillator frequency selected is 1.5 MHz, 
resulting in a 670 nanosecond period. From the 
UC3825 data sheet, oscillator frequency versus 
Rt, Ct, and deadtime curves: 

Fo = 1.5 mHz: T period = 670 ns 
Ct = 470 pF 
Rt = 1.5K 

Therefore: T (on) = 570 ns (max) 

T (off) = 100 ns (min) 


DUTY CYCLE, d max 


T (on) max 
T (period) 


570 ns 
670 ns 


= 85% 


NOTE; These times will determine the mosfet device 
selection and transformer turns ratio. 


Preliminary Considerations 

Prior to designing the main transformer, several 
parameters need to be defined and determined. 
Standard design procedures and for this “first 
cut” approximation. 


Input Power 

, ^ , Output power, P (out) 

Input power, P (in) = — - 

Efficiency, n 

Let n = 75% for a 5 v, single output power supply. 


P (in) = 


5.1 V* 10 a 
0.75 


51 watts 
0.75 


= 68 watts 


Primary Current 

The primary current can be approximated using 
the low-line constraints of 42 volts DC input: 

n • ^ . /-j N Input power P (in) 68 watts 

Primary Current (dc) = — - — — = = 1.62 A 

Input voltage V (in) 42 volts 

The primary current during the transistor on time is: 

... I(dc) 1.62 A 

I (p) = — ^ — — = = 1.9 amps, or approx. 2A 

d (max) 0.85 

The RMS primary current is: 

Ip(rms) = (*P) * = i.24A(rms) 


Sense Resistor R (s) 

Primary current is sensed and controlled in a cur- 
rent mode controller by first developing a voltage 
proportional to the primary current, used as an 
input to UC3825. This is accomplished by sense 
resistor R (s) with a calculated value of the I limit 
threshold value divided by the primary current at 
the desired current limit point, typically 120% 
I (max). 


R Vth(pin9) 
120% . I (pri) 


1 volt 

1.2 • 2 amps 


= 0.42 ohm 


Mosfet DC Losses 

A high quality mosfet is used to keep both DC and 
switching losses low, with an R (ds) on max of 0.8 
ohms. Calculation of the voltage drops across the 
device are required for the transformer design. 

V ds (on) = Rds (max) • I (p) = 0.8 • 2 = 1.6 v 

During an overload: V ds (max) = 0.8 • 2 • 1.20 = 1.92 v (2 v) 

P dc = I dc2 Rds max • duty 

= 22.0.8.0.85/2 = 1.35 watts 


Selection of Core Material 

Few manufacturers provide core loss curves for 
frequencies above 500 khz. To minimize power 
dissipation in the core, the flux density must be 
drastically reduced in comparison to the 20 -150 
khz- versions. Typical operation is at a total flux 
density swing, delta B, of 0.030 Tesla (300 Gauss) 
while approaching the 1 megahertz region. TDK’s 
H7C4 material was selected for it’s low loss, high 
frequency characteristics. 

Main Transformer Design 

The first step in transformer design is to determine 
the preliminary turns ratio. Once obtained, the 
minimum cross-sectional area core (Ae) can be 
calculated, and core selection made possible. 

Calculation of Transformer 
Voltages and Turns Ratio 

V pri (min) = V in (min) - V xtor (max) - V (Rs) max 

V p (min) = 42 V - 2.0 V - 1 V 

= 39.0 V 

V sec (min) = V out (max) + V diode (max) 

+ V choke (dc) + V (losses) 

V sec (min) = 5.1 + 0.65 + 0.1 + 0.05 (est) = 5.9 v 

Turns ratio N = V P^i (nnin) Duty (max) ^ 39£.0.85 ^ 

V sec (min) 5.9 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • TELEX 95-3040 


9-166 


PRINTED IN U.S.A. 



APPLICATION NOTE 


U-llO 


The secondary is designed for excellent coupling 
using copper foil, and the primary has been 
rounded to the nearest lower turns. 

Turns ratio: N = N pri / N sec = 5:1 

The actual number of both primary and secon- 
dary turns will be determined by the ferrite core 
characteristics as a function of operating fre- 
quency and Gauss level. 

Minimum Core Size 

The minimum cross-sectional area core that can 
be used is calculated with the following equation 
for core loss limited applications. 

Ac (min) = (cm2) 

2 - Freq. . N (p) . AB (Tesla) 


At first it would seem that the core area required 
for this 1.5 MHZ switcher would be ten times 
smaller than that of a 1 50 KHZ version. This would 
be true if the flux density, number of turns and 
core losses remained constant. However, losses 
are a function of both frequency and frequency 
squared^ and as it increases, the flux density 
swing (AB) must be drastically reduced to provide 
a similar core loss, hence temperature rise. In this 
example, an acceptable figure was selected of 
one percent of the total output power, or one-half 
watt. Empirically, this translates to a temperature 
rise of 25°C, at 325 Gauss (0.0325 Tesla) for cores 
with a cross-sectional area of 0.70 sq. cm, a ball- 
park estimate of the true core size. 

This formula can be rewritten as: 

. V pri • D max • 10^ 

Ac • Np = — 

2.F.AB 

This is a more convenient formula because the 
right hand side of the equation contains all con- 
stants. Input voltage, frequency of operation and 
flux density have already been determined. The 
seleotion of core size (cross-sectional area) is 
inversely proportional to the number of primary 
turns, and vice-versa. Based on the five-to-one 
turns ratio, an original assumption of five turns for 
the primary would result in a large core Size for this 
50 watt application. Alternatively, a ten turn pri- 
mary is used to minimize core size. 

Substituting previous values for high line opera- 
tion at 0.0325 Tesla (325 Gauss) and a magnetic 
operating frequency of 750 kHz: 


Ac (min) = 


39 » 0.85 * 104 
2 • 750,000 . 10 - 0.0325 


= 0.68 cm2 


Core Loss Limited Conditions 

As the switching frequencies are increased, gen- 
erally a reduction of core size or minimum number 
of turns is realized. This is true, however, but only 
to the point at which the increasing core losses 
prevent a further reduction of either size or mini- 
mum turns. This crossover point occurs at differ- 
ent frequencies for each individual ferrite material 
based upon their losses and acceptable circuit 
losses, or temperature rise? 

Core Geometry Selection 

A variety of standard core shapes are available in 
the cross-sectional area range of 0.62 to 0.84 cm^. 
Considerations of safety agency spacing require- 
ments, physical dimensions, window area and rel- 
ative cost of assembly must be evaluated. 


Core Style 

Description 

AC 

(cm2) 

Weight 

(g) 

PQ 

PQ 20/20 

0.62 

15 

POT CORE 

P 22/1 3 

0.63 

13 

LP 

LP 22/13 

0.68 

21 

TOROID 

T 28/1 3 

0.76 

26 

EE 

EE 35/28 

0.78 

28 


The LP 22/13 style was selected to easily termi- 
nate (breakout) the high current output windings. 
For a given cross-sectional area, it occupies less 
PC board space, and has good shielding charac- 
teristics. 

Wire Size Selection 

The single, most difficult task in high frequency 
magnetic design is to minimize the eddy current 
losses, or skin effects while optimizing wire sizes. 
Penetration depth refers to the thickness (or 
depth) into a copper conductor in which a wave 
will penetrate for a specific frequency. For copper 
at 100°C: 

d pen = 7.5 / (frequency®^) (cm) 

At 750 kHz, this corresponds to 8.66 • 10^ cm, or 
about the thickness of an AWG #39 wire. Larger 
size wire can be used, however the AC current 
flows only in the depth penetrated at the switching 
frequency. Consult the UNITRODE DESIGN 
SEMINAR SEM-400 book, appendix M2 for 
additional information on this subject. 
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For low current windings, several strands of thin 
wirecan be paralleled, ortwistedtogetherforming 
a “bundle.” Seven wires twisted around each other 
closely approximate a round conductor with a net 
diameter of three times the individual wire diam- 
eter. Thistwisting is commonly done at 10-12 turns 
per foot, and significantly reduces parasitics 
between wires at high frequencies. 

Medium to high current windings require the use 
of Litz wire, a similar bundle of numerous conduc- 
tors. Copper foil is also an excellent choice. 

Industry practice is to operate at 450 amps (RMS) 
per centimeter squared, or 2.22 • 10-^ cm2/A. 
This applies to windings operating at an accept- 
able temperature rise. 

Area required = I rms / 450A / cm^ 

Primary area (Axp) = 1.24A/450A/cm2 = 2.75 *10"^ cm2 

Calculate Secondary RMS Current. 

, . _ I sec2 (duty on) + I sec2 (2 • duty off) 

I rms (sec) — 2 

2 

lrms(seo) = ^°^(''25) + |(2*075) 

~2 

I rms (sec) = 4.81 A 

Secondary Area (Axs) = 4.81 A / 450A / cm2 
= 1.07. 10-2 cm2 


7 STRANDS 



Figure 4. 

For a given bundle of 7 conductors, the cross-sec- 
tional area of each conductor equals: 

Requ£ed_area ^ ^ 215 ^ ^ 3 33 . ' 

# conductors 7 7 

The cross-sectional area of an AWG #36 wire is 
1 .32 • 10-^, therefore, three bundles of seven con- 
ductors each should be used. Two bundles were 
utilized as a compromise between practical wind- 
ing considerations and acceptable eddy current 
losses. 


Copper foil is used for the secondary, with a 
required width slightly less than the bobbin width, 
and thickness determined by: 

Secondary area (Axs) 1 .07 • 1 cm _ _ ^ ^ . o 

' = = 7.64 • 10-2 

Bobbin width 1.40 cm 

This corresponds to 0.003" thick foil, a standard 
value. In practice, slightly thicker foil (0.004" to 
0.005") may be required to minimize power losses 
in the transformer. 

Transformer Assembly 

Standard practice to increase coupling between 
primary and secondary is position both as closely 
as possi ble to each other i nside the transformer. I n 
this design, the first layer wound is one primary, 
and the next layer is the corresponding secon- 
dary. This is again followed by the other secondary 
and primary. It is important to keep the secon- 
daries in close proximity since both will be con- 
ducting simultaneously twice per period. The 
primaries do not conduct in this manner, so 
coupling from primary A to primary B is not critical, 
only primary A to secondary C, and primary B to 
secondary D. 

Referring to the transformer schematic, primary A 
is wound closest to the bobbin. After insulation, 
secondaries C and D are wound bifilar and 
insulated. Primary B is wound last, then termi- 
nated so that primaries A and B are wired in series, 
likewise for secondaries C and D. 




D1 

D2 



Cl 

C2 


SECONDARY 


Figure 5. Transformer Schematic 
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Calculation of Winding 
Resistances and Losses 

The mean length of turn for the bobbin can be 
determined from the specifications of O.Q and 
I.D., and for the BLP 22/13 a figure of 4.51 cm or 
1.77 in. was obtained. AWG #36 wire has a resis- 
tance of 1.82 • 10-2 ohms/cm at 100°C for the 
following: 

Primary resistance can be calculated: 

Rpri = 

Rwire.M.LJ..# turns 0.0182.4.51-10 ^ 

= = 0.0586 ohm 

# wires 14 

Voltage drop and power loss in each half winding can be also 
calculated: 

V (R pri) = Ipri • Rpri = 2.0 • 0.58 = 0.116 volt (negligible) 

P (Rpri) = R pri • I pri2 . duty = 0.0586 • 4 - 0.425 
= 0.0996 watts 

The resistance of the secondary can be approxi- 
mated by using the wire tables, and substituting 
the foil for wire of similar cross-sectional area. In 
this example, AWG #16 wire is used to obtain Rsec 
= 1.58 • 10-^ ohms/cm. 

Rsec = R foil • M.L.T. •# turns = 1.58 • 10“^ • 4.5 • 2 
= 0.00143 ohm 

V (Rsec) = 1.43 . lO'^ . 10 = 0.0143 volt (negligible) 

P (Rsec) = R sec ( (Idc2 . D on) + ( (ldc/2)2 . 2 • D off) ) 

P (Rsec) = 0.00143 ( (IO 2 . 0.425) + ( 52 . 0.15) = 

0.066 watts 


Transformer Power Losses 

The total copper losses for two windings are then: 

P cu = P (Rpri) + P (Rsec) = 2 • (0.066 + 0.0996) 

= 0.332 watts 

Estimated eddy current losses are approximately 50% of 
the copper losses. Pcu « 0.50 watts. 

Given the core material type, geometry, frequency 
and operating Gauss level, the ferrite losses can 
be calculated. From the manufacturers informa- 
tion, the typical loss coefficient for H7C4 material 
operating at a flux density swing of 0.055 Tesla 
(550 Gauss) at 750 kHz is 0.15 watts per cubic 
centimeter of core volume, which is 3.327 cm^ per 
LP 22/13 core set. Therefore: 

P core = 3.327 -0.15 = 0.50 watt 

The total power lost is a summation of the copper 
and ferrite losses: 

P xfmr = P cu + P core = 0.50 + 0.50 = 1.00 watts 

OUTPUT SECTION 

Output Choke Calculations 

Typically, the RMS output ripple current is less than 
15% I dc, or 1 .5 amps in thiscase. Delta I, the peak 
to peak ripple therefore is twice the RMS, or 3 
amps. 

V = Ldi , L = kMt = S9v{350)^s ^ 

dt di 3.0 A 
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Due to the small value of inductance required, the 
conventional approach will not be used. Instead, 
a simple RF type wound coil will be designed 
using the solenoid equation found in most refer- 
ence texts. A thick pencil will be utilized as the coil 
form with a diameter of 0.425 inches, however any 
similar item will suffice. 

The form factor, F, is a function of the form diam- 
eter divided by the length of the wound coil, or 
D/L. A few gyrations will take place before the 
exact values are obtained, however this goes 
quickly. The form factor is listed below for various 
practical values of D/L. 


Coil Dia./Length 

0.1 

0.25 

0.50 

1.0 

2.0 

5.0 


Form Factor “F” 

0.0025 

0.0054 

0.010 

0.0173 

0.026 

0.040 


L (^H) = F . N2 . D (in), N = (L/F • (turns) 

For D = 0.425, D/L = 1 (approx): F = 0.0173 
N = (0.690 / 0.0173 - 0 . 425 )^^^ ^ g 75 turns 

Rounding off to the nearest next number of turns, the actual 
inductance for 10 turns can be calculated: 

L (/ih) = 0.0173 • 102 . 0.425 = 744 nanohenries 

In an air core inductor the permeability “u” equals 
unity, therefore the flux density B equals the 
driving function H. 

Output Capacitor 

Q = i^-lP?n^-l,DeltaQ = lp-p/8.F 
2 2 2 

C = Q / dV where dV (output ripple) equals 0.100 volts. 

C = lp-p/ 8 .F.dV = 3/8 .IS. 106.0.10 = 2.5 /^F 

Three 1 />tf caps are used in parallel. With atypical 
ripple voltage of <50 mv due to ESR, the ESR 
each (at 1.5 mHz) must be approximately 150 
milliohms. The Unitrode ceramic monolithic 
capacitor series was selected for their excellent 
high frequency characteristics. 

Resonance, and its effect at these frequencies 
must be taken into account. In this case, the 
capacitor reaches resonance at 1 .5 mHz, and the 
effective impedance is resistive. 


Output Diodes 

Schottky diodes were selected for their short 
reverse recovery times to minimize switching 
losses, and low forward drop for high DC effi- 
ciency. The Unitrode USD 640C is a center-tap- 
ped TO-220 type, with ample margin to safely 
accommodate 40 volt reverse transients and 10 
amp DC output currents. Also featured is a 0.65 
volt maximum drop across each diode and 1 volt 
per nanosecond switching rate. 

UC3825 PWM CONTROL SECTION 
Current Limit /Shutdown 

Pulse-by-pulse current limiting is performed by 
the UC3825 by an input of the primary current 
waveform to the 1C at pin 9. The small RC network 
of R3 and C8 are used to suppress the leading 
edge glitch caused by turn-on of the mosfet and 
transformer parasitics. The input must be below 
the 1 volt threshold or current limiting will occur. 
Once reached, an input above the threshold will 
narrow the pulse width accordingly. When this 
reaches a 1.4 volts amplitude, shutdown of the 
outputs will occur, and the UC3825 will initiate a 
soft start routine. 

Ramp 

The UC3825 offers the flexibility of both Current 
Mode Control or conventional duty cycle control 
via the RAMP input pin. When connected to the 
timing capacitor, the UC3825 operates as a duty 
cycle control 1C. Connecting the RAMP input to 
the current waveform changes the control meth- 
od to Current Mode. In this application, the ramp 
waveform is tied through a small RC filter network 
to the primary current waveform. This network is 
defined in the next section — slope compensa- 
tion. The dynamic range of this input is 1-3 volts, 
and is generally used for introducing slope com- 
pensation to the PWM. 

Slope Compensation 

Slope compensation is required to compensate 
for the peak to average differences in primary 
current as a function of pulse width. Adding a 
minimum of 50% of the reflected downslope of 
the output current waveform to the primary cur- 
rent is required. See UNITRODE APPLICATION 
NOTE U-93 and U-97 for further information. 
Empirically, 60-75% should be used to accom- 
modate circuit tolerances and increase stability? 
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Resistors R2 and R4 in this circuit form a voltage 
divider from the oscillator output to the RAMP 
input, superimposing the slope compensation on 
the primary current waveform. Capacitor C6 is an 
AC coupling capacitor, and allows the 1.8 volt 
swing of the oscillator to be used without adding 
offset circuitry. Capacitor C7 has a two-fold pur- 
pose. During turn on it filters the leading edge 
noise of the current waveform, and provides a 
negative going pulse across R4 to the ramp input 
at the end of each cycle. This overrides any para- 
sitic capacitance at the ramp input, (pin 7), that 
would tend to hold it above zero volts. This insures 
the proper voltage input at the beginning of the 
next cycle. 


C7 



For the purposes of determining the resistor 
values, capacitors C4 (timing), C6 (ac coupling) 
and C7 (filtering) can be removed from the circuit 
schematic. The simplified model represented in 
figure 8 is used for the calculations. These calcula- 
tions can be applied to all Current Mode circuits 
using a similar scheme. 



STEP 1. Calculate Inductor Downslope 
S (L) = di/dt = V sec / L = 5.9 V / .740 //H = 8.0 AZ/^s (1) 

STEP 2. Calculate Reflected Downslope to Prinnary 
S(L)’ = S(L) / N (turns ratio) = 8.0/5 = 1.6 A/^S (2) 

STEP 3. Calculate Equivalent Ramp Downslope Voltage 

V S(L)’ = S(L)’ • Rsense = 1.6 • 0.375 = 0.600 VZ/zs (3) 

STEP 4. Calculate Oscillator Slope 

V S (osc) = d (V osc) / T on = 1.8 V / 570 ns = 3.15 V/ixs{4) 

STEP 5. Generate the Ramp Equations 

Using superposition, the circuit can be configured as; 


Sl’ R4 R2 Sosc. 



V (ramp) 


V S (L)’ > R2 ^ V S (osc) » R4 
R2 + R4 R2 + R4 


SUBSTITUTING. 

V (ramp) = V S (L)” + V S (comp) 


(5) 

( 6 ) 


WHERE 


V S (comp) = 


V S (osc) ■ R4 . V S (L)” = V S (L)’ ■ R2 
R2 + R4 ’ R2 + R4 


STEP 6. Calculate Slope Compensation 

V S (comp) = m • S(L)” (7) 

Where m equals the amount of inductor downslope to be 
introduced. In this example, let m = 75%, or 0.75. 

V $ (osc) * R4 ^ m ■ V S(L)’ ■ R2 
R2 + R4 ~ R2 + R4 

SOLVING FOR R2: 

R2 = R4 . ^ ^ = R4 . — 

V S (L)’ . m 0.600 • 0.75 (9) 

USING CIRCUIT VALUES. 

R2 = 7.05 • R4 

For simplicity, let R4 equal 1 K ohms and R2 there- 
fore equals 7.05 K. Using the nearest standard 
value resistor of 6.8 K, the exact amount of down- 
slope is minimally affected. Important, however, is 
that the series combination of R2 and R4 is high 
enough in resistance not to load down the oscilla- 
tor and cause frequency shifting. 
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CLOSING THE FEEDBACK LOOP 
Error Amplifier 

Compensation of the high gain error amplifier in 
the UC3825 is straight forward. There is a sin- 
gle-pole at approximately 5 hertz. A zero will be 
introduced in the compensation network to pro- 
vide gain once the zero db threshold is crossed. 
Using Current Mode control greatly simplifies the 
compensation task as the output choke is con- 
trolled by the inner current loop, thus making the 
output section appear as a single pole response 
with a zero at the ESR frequency^ 

Control to Output Gain 

The control to output gain will vary with output 
loading, and as the load is increased the gain de- 
creases. Output capacitor ESR will determine the 
frequency at which the zero occurs, thus chang- 
ing the gain as afunction of ESR. To insure stability 
through all combinations of load and ESR, the 
amplifier will be compensated to cross zero db at 
approximately one-fifth of the switching frequency 
with ample phase margin. 

The output filter pole and zero occur at 
Fp = 1/2 TT R (load) C (output) 

Fz = 1/2 TT R (esr) C (output) 

CIRCUIT PARAMETERS: 

C (output) = 3 fiF] ESR (each) = 0.050 min - 0.300 max 
For three capacitors in parallel, ESR = 0.016 - 0.100 ohms 
R (output) = 2.5 ohms at 2 A, 0.5 ohms at 10 A 
Using the above equations: 

Fp (2A) = 1 / (2 . 3.14 . 2.5 • 3*10-®) = 21.2 kHz 
Fp (10A) = 1 / (2 . 3.14 . 0.5 • O-IO"®) = 106.1 kHz 
Fz (high) = 1 / (2 • 3.14 • 0.016 . 3-10-®) = 3.315 mHz 
Fz (low) = 1 / (2 . 3.14 . 0.100 . 3.10'®) = 530.5 kHz 


GAIN 

= K . Ro, where K = = 11.76 

V (control) V (control) 0.85 

Therefore, at 2 amps and 10 amps, 

Vo/Vc = K.ro = 11.76 • 2.5 = 29.4 db (2A) 

Vo/Vc = K.ro + 11.76 • 0.5 = 15.4 db (10A) 

Error Amplifier Compensation 

The control to output gain can be plotted along 
with the desired zero db crossing point and an 
estimate of the error amplifier required compen- 
sation network can be made. The amp compen- 
sation should have a zero at approximately 100 
kHz, andagainof-16dbat this frequency. Resis- 
tor R9 has been selected to be 3.3 k ohms based 
on the output drive capability of the UC3825 amp. 
Complete specifications are contained in the 
UC3825 data sheet. 

F zero (amp) = 1 / (2 • tt • R9-. C12) 
therefore, C12 = 1 / (2 • tt • R9 • F zero) 

C12 = 1 / (2 . 3.14 . 3300 • 100.000) = 480 pF (use 560 pF) 
R10/ R9 = approx -16 db (0.16), 

RIO = R9 / gain = 3.3 K / 0.16 = 20.4 K (use 20 K) 

This compensated response can now be plotted, 
along with the control to output gain and the over- 
all power supply response is a summation of the 
two curves, as seen in figures 11 and 12. Low fre- 
quency gains of 100 db at full load, and IlSdbat 
light load are obtained, with a zero db crossing at 
approx. 100 kHz for both. Phase margin is gener- 
ous with approx. 90 degrees for both light and 45 
degrees at full load. 


GAIN AND PHASE RESPONSE 
UC3825 DEMO KIT 


LIGHT 



Figure 11. 


FULL 



Figure 12. 
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LIST OF MATERIALS 


REFERENCE DESCRIPTION 

Capacitors 

Cl, 2 

4.7 ijlF, 63 VDC Electrolytic 

C3, 5 

0.1 iJF, 50 VDC Monolithic 

C4 

470 pF, VDC Monolithic 

C6 

0.01 fjf, 50 VDC Monolithic 

C7 

120 pF, 50 VDC Monolithic 

C8 

15 pF, 50 VDC Monolithic 

C9-11, 17-19 

1 /iF, 50 VDC Monolithic 

Cl 2 

560 pF, 50 VDC Monolithic 

C13, 14 

150 pF, 150 VDC Ceramic 

C15, 16 

5000 pF, 50 VDC Ceramic 

Diodes 

CR1 

1N4465 10 V, 1.5 Watt Zener 

CR2, 3 

USD1140 40 V, 1 Amp Schottky 

CR4, 5 

UES1105 150 V, 2.5 Amp Ultrafast 

CR6, 7 

USD640C 40 V, 12 Amp Schottky 

Integrated Circuits 

U1 

UC3825 Unitrode High Speed PWM 

Transistors 

Q1,2 

UFN633 150 V, 8AMosfet 

Resistors 

R1 

1.5 K, 1/2 W, 1% 

R2 

6.8 K, 1/2 W, 5% 

R3, 4, 14, 15 

1 K, 1/2 W, 5% 

R5-8 

1.5 R, 1 W, 5% 

R9 

3.3 K, 1/2 W, 5% 

R10 

20 K, 1/2 W, 5% 

R11, 12 

6.2 R, 1/2 W, 5% 

R13 

500 R, 5 W, 10% 

R16-19 

200 R, 1/2 W, 5% 

R20-23 

24 R, 1/2 W, 5% 

R24 

51 R, 1 W, 5% 

Magnetics 

LI 

740 nH Wound Coil 

T1 

AIE Magnetics Custom Transformer, 

5:1 Turns Ratio 

Misceilaneous 

HI 

Heatsink— Mosfets (AAALL #5786B) 

H2 

Heatsink— Diodes (AAALL #5299B) 

Efficiency Measurements 

V(in) 

l(in) P(ln) P(Loss) Efficiency 

42 

1.707 71.7 20.2 71.8% 

48 

1.483 71.2 19.7 72.4% 


V(ln) 

Vout 

Vout 

Vout 

Load Reg. 

V 

(2A) 

(5A) 

(10A) 

MV 

42 

5.110 

5.102 

5.093 

17 

48 

5.108 

5.101 

5.092 

16 

56 

5.108 

5.102 

5.089 

19 


Line 2 mv 1 mv 4 mv 


Dynamic Performance 

The power supply was pulse loaded from 5 amps 
to 10 amps at a frequency of 100 kilohertz. 
Recovery to within 50 mv was less than 2 micro- 
seconds with a total excursion of less than 200 
millivolts. High speed FETS were used to switch 
the load current with typical rise/fall times of 50 
nanoseconds. 

Short Circuit 

The short circuit input current is approximately 
0.75 amps, or an input power of 36 watts. 

Circuit Power Losses 

The total circuit losses are approximated using 
both the calculated and measured losses 
throughout the power supply. 


Power Losses 

Current Sense Circuit 1 .2 W 

Output Diodes 9.8 W 

Switching Transistors 3.2 W 

Dropping Resistor 3.0 W 

Snubber Networks 1 .0 W 

Transformer Losses 1 .0 W 

Auxiliary Supply 0.8 W 

Miscellaneous 0.2 W 

TOTAL LOSSES 20.2 W 


If a bootstrapped technique is utilized in the 
auxiliary supply to the 1C and drive circuitry, the 
dropping resistor losses of three watts can be 
reduced to 0.1 watts in the bootstrap circuitry. In 
addition, the lossy resistive current sensing net- 
work can be replaced by a small current trans- 
former, lowering the losses by a half-watt. Overall 
efficiency would then increase to 75%, fairly high 
for a five volt output application. Noteworthy is 
that the switching losses at this high of frequency 
1 be minimized, and have little overall effect 
circuit efficiency. 


56 


1.331 


73.2 


21.7 


70.4% 


oai 

on 
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Summary 

The demands of higher power densities will 
undoubtedly throttle many switch-mode power 
supply designs into and beyond the megahertz 
region in the near future. Designers will be facing 
the challenges of selecting switching devices, 
magnetic materials and 1C controllers built exclu- 
sively for high efficiency at these frequencies. The 
thrust from contemporary hundreds of kilohertz 
designs to megahertz versions is rapidly making 
progress. This 1 .5 MHZ current mode push-pull is 
an example of what can successfully be accom- 
plished with existing high speed components and 
technology. 
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TIMING WAVEFORMS 


RAMP VOLTAGE 


1 683.0"' 


ID ID mi\i% 


Vi ,1.50 ""' 


^ 

ID SOOnD 20Cln|i^ 


Top Trace Bottom Trace 

Ramp Voltage CT Waveform, 

TP 'H; 1 v/cm TP ‘D; 1 v/cm 


PRIMARY CURRENT 



Top Trace Bottom Trace 

Filtered Ip Unfiltered Ip 

TP ‘i; .5 v/cm TP 'P; .5 v/cm 


Top Trace Bottom Trace 

Filtered Ip with Unfiltered Ip 

Slope Compensation TP ‘P; .5 v/cm 

TP‘H: 1 v/cm 

PRIMARY CURRENT 


lU lOmV 200n>| 


Top Trace Bottom Trace 

J1,2A/cm TP ‘P; 1 v/cm 


SECONDARY WAVEFORMS 


OUTPUT WAVEFORMS 



Top Trace 

Secondary Voltage 
TP T; 10 v/cm 


Bottom Trace 

Secondary Current 
J2, 5 A/cm 


Top Trace 

Output Voltage 
Ripple & Noise 
TP ‘W; 100 mv/cm 


Bottom Trace 

AC Output Current 
J2,2A/cm 
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PRACTICAL CONSIDERATIONS IN 
CURRENT MODE POWER SUPPLIES 


Introduction 

This detailed section contains an in-depth explanation of 
the numerous PWM functions, and how to maximize their 
usefulness. It covers a multitude of practical circuit design 
considerations, such as slope compensation, gate drive 
circuitry, external control functions, synchronization, and 
paralleling current mode controlled modules. Circuit dia- 
grams and simplified equations for the above items of inter- 
est are included. Familiarity with these topics will simplify 
the design and debugging process, and will save a great 
deal of time for the power supply design engineer. 

I. SLOPE COMPENSATION 

Current mode control regulates the PEAK inductor current 
viathe ‘inner’ or current control loop. In a continuous mode 
(buck) converter, however, the output current is the AVER- 
AGE inductor current, composed of both an AC and DC 
component. 

While in regulation, the power supply output voltage and 
inductance are constant. Therefore, Vout / Lsec and 
dl/dT, the secondary ripple current, is also constant. In a 
constant volt-second system, dT varies as a function of 
ViN, the basis of pulse width modulation. The AC ripple 
current component, dl, varies also as a function of dT in 
accordance with the constant Vout Lsec- 

Average Current 

At high values of Vin, the AC current in both the primary 
and the secondary is at its maximum. This is represented 
graphically by duty cycle D1, the corresponding average 
current 11 , and the ripple current d(l1). As Vin decreases to 
its minimum at duty cycle, the ripple current also is at its 
minimum amplitude. This occurs at duty cycle D2 of aver- 
age current I2 and ripple current d(l2). Regulating the 
peak primary current (current mode control) will produce 
different AVERAGE output currents II, and 12 for duty 
cycles D1 and D2. The average current INCREASES with 
duty cycle when the peak current is compared to a fixed 
error voltage. 



Constant Output Current 

To maintain a constant AVERAGE current, independent of 
duty cycle, a compensating ramp is required. Lowering the 
error voltage precisely as a function of Ton will terminate 
the pulse width sooner. This narrows the duty cycle cre- 
ating a CONSTANT output current independent of Ton, or 
ViN. This ramp simply compensates for the peak to aver- 
age current differences as a function of duty cycle. Output 
currents 11 and I2 are now identical for duty cycles Dl and 
D2. 



Determining the Ramp Slope 

Mathematically, the slope of this compensating ramp must 
be equal to one-half (50%) the downslope of the output 
inductor as seen from the control side of the circuit. This is 
proven in detail in “Modelling, Analysis and Compensating 
of the Current Mode Controller,” (Unitrode publication U-97 
and its references). Empirically, slightly higher values of 
slope compensation (75%) can be used where the AC 
component is small in comparison to the DC pedestal, typi- 
cal of a continuous converter. 

Circuit Implementation 

In acurrent mode control PWM 1C, the error voltage is gen- 
erated at the output of the error amplifier and compared to 
the primary current at the PWM comparator. At this node, 
subtracting the compensating ramp from the error voltage, 
or adding it to the primary current sense input will have the 
same effect: to decrease the pulse width as a function of 
duty cycle (time). It is more convenient to add the slope 
compensating ramp to the current input. A portion of the 
oscillator waveform available at the timing capacitor (Ct) 
will be resistively summed with the primary current. This is 
entered to the PWM comparator at the current sense input. 
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Parameters Required for 
Slope Compensation Calculations 

Slope compensation can be calculated after specific 
parameters of the circuit are defined and calculated. 


SECTION 

PARAMETER 

Control 

T on (Max) Oscillator 

AV Oscillator (PK-PK Ramp Amplitude) 

1 Sense Threshold (Max) 

Output 

V Secondary (Min) 

L Output 

1 AC Secondary 
(Secondary Ripple Current) 

General 

R Sense (Current Sensing Resistor) 

M (Amount of Slope Compensation) 

N Turns Ratio (Np / Ns) 


Once obtained, the calculations for slope compensation 
are straightforward, using the following equations and 
diagrams. 





Figure 4. Simplified Circuit 

Step 1. Calculate the Inductor Downslope 
S(L) = di/dt = Vsec/Lsec (Amps/Second) 

Step 2. Calculate the Reflected Downslope 
to the Primary 

S(L)’ = S(L)/N (Amps/Second) 

Step 3. Calculate Equivalent Downslope Ramp 

V S(L)’ = S(L)’ • R sense (Volts/Second) 

Step 4. Calculate the Oscillator Charge Slope 

V S(osc) = d (Vosc) / T on (Volts/Second) 

Step 5. Generate the Ramp Equations 

Using superposition, the circuit can be illustrated as: 



Resistors R1 and R2 form a voltage divider from the oscilla- 
tor output to the current limit input, superimposing the 
slope compensation on the primary current waveform. 
Capacitor C1 is an AC coupling capacitor, and allows the 
AC voltage swing of the oscillator to be used without add- 
ing offset circuitry. Capacitor C2 forms an R-C filter with R1 
to suppress the leading edge glitch of the primary current 
wave. The ratio of resistor R2 to R1 will determine the exact 
amount of slope compensation added. 

For purposes of determining the resistor values, capacitors 
Ct (timing), C1 (coupling), and C2 (filtering) can be 
removed from the circuit schematic. The oscillator voltage 
(Vosc) is the peak-to-peak amplitude of the sawtooth 
waveform. The simplified model is represented sche- 
matically in the following circuit. 

These calculations can be applied to all current mode con- 
verters using a similar slope compensating scheme. 


Figure 5. Superposition 

V(RAMP) = + V S(OSC) * R1 simplifying, 

R1 + R2 R1 -H R2 

V(RAMP) = V S(L)” + V S(COMP) where 

V S(COMP) = V S( Q S C) * _R1, , and V S(L)'' = V S(L)’ « R2 
R1 + R2 R1 + R2 

Step 6. Calculate Slope Compensation 
V S(COMP) = M • S(L)” where M is the amount of 
inductor downslope to be introduced. 

Equating V S(osc) * R1 = M » V S(L)’ » R2 
R1 + R2 R1 + R2 

, solving for R2 

R2 = R1 • V S(OSC) 

V S(L)’ • M 
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Equating R1 to 1K ohm simplifies the above calculation 
and selection of capacitor C 2 for filtering the leading edge 
glitch. Using the closest standard value to the calculated 
value of R2 will minimally effect the exact amount of down- 
slope introduced. It is important that R 2 be high enough in 
resistance not to load down the I.C. oscillator, thus causing 
a frequency shift due to the slope compensation ramp 
to R2. 



Design Example — Slope Compensation Calculations 
Circuit Description and Parameter Listing: 

Topology: Half-Bridge Converter 

Input Voltage: 85-132 VAC “Doubler Configuration” 

Output: 5 VDC/45 ADC 

Frequency: 200 KHz, T Period = 5.0 juS 

T Deadtime: 500 ns, T on Max = 4.5 [iS 

Turns Ratio: 15/1,(Np/Ns) 

V Primary: 90 VDC Min, 186 Max 

V Sec Min: 6 VDC 
R Sense: 0.25 Ohm 

I Sec Ac: 3.0 Amps (<10% I DC) 

L Output: 5.16 iih 

1 . Calculate the Inductor Downslope on the 
Secondary Side 

|S (L) = di/dt = Vsec/Lsec = 6 v/5.16 /xh = 1.16 A//is 

:2. Calculate the Transformed Inductor Slope to the 
Primary Side 

S (L)’ = S (L) • Ns/Np = 1.16 • 1/15 - 0.0775 AZ/tS 

3. Calculate the Transformed Slope Voltage at 
Sense Resistor 

V S(L)’ = S (L)’ • Rsense = 7.72 • IO -2 • 0.250 = 
1.94*10-2 V//iS 


4. Calculate the Oscillator Slope at the Timing Capacitor 
S(osc) = d V osc/T on max = 1 . 8/4.5 = 0.400 V// 4 S 

5. Let Amount of Slope Compensation (M) = 0.75 and 
R 1 = IK 

R2 = R1 • ^ S(OSC) . R2 = IK * 0.400 

V S(L)’ • M ’ 0.0192 • 0.75 

= 27.4 K ohms 

II. GATE DRIVE CIRCUITRY 

The high current totem-pole outputs of most PWM ICs have 
greatly enhanced and simplified MOSFET gate drive 
circuits. Fast switching times of the high power FETs can 
be attained with nearly a “direct” drive from the PWM. 
Frequently overlooked, only two external components — a 
resistor and Schottky diode are required to insure proper 
operation of the PWM while delivering the high current 
drive pulses. 

MOSFET Input Impedance 

Typical gate-to-source input characteristics of most FETs 
reveal approximately 1500 picofarads of capaoitance in 
series with 15 nanohenries of source inductance. For this 
example, the series gate current limiting resistor will not be 
used to exemplify its necessity. Also, the totem pole tran- 
sistors are replaced with ideal (lossless) switches. A dV/dT 
rate of 0.5 volts per nanosecond is typical for most high 
speed PWMs and will be incorporated. 



Figure 7. Ideal Circuit Gate Drive 


Assuming no external circuit parasitics of R, L or C, the 
PWM is therefore driving an L-C resonant tank with no 
attenuation. The driving function is a 15 volt pulse derived 
from the auxiliary supply voltage. The resulting current 
waveform is shown in figure 8 , having a peak current of 
approximately seven amps at a frequency of thirty-three 
megahertz. 
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Figure 8. Voltage & Current Waveforms at Gate 

In a practical application, the trar/sistors and other circuit 
parameters, fortunately, are less than ideal. The results 
above are unlikely to happen in most designs, however 
they will occur at a reduced magnitude if not prevented. 
Limiting the peak current through the 1C is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET The value is determined by divid- 
ing the totem-pole collector voltage (Vc) by the peak 
current rating of the IC’s totem-pole. Without this resistor, 
the peak current is limited only by the dV/dT rate of the 
totem-pole and the FET gate capacitance. 

For this example, a collector supply voltage of 10 volts is 
used, with an estimated totem-pole saturation voltage of 
approximately 2 volts. Limiting the peak gate current to 1 .5 
amps max requires a resistor of six ohms, and the nearest 
standard value of 6.2 ohms was used. Locating the resistor 
in series with the collector to the auxiliary voltage source 
will only limit the turn-on current. Therefore it must be 
placed between the PWM and gate to limit both turn-on 
and turn-off currents. 

Actual circuit parasitics also play a key role in the drive 
behavior. The inductance of the FET source lead (15 nano- 
henries typical) is generally small in comparison to the lay- 
out inductance. To model this network, an approximation of 
30 nanohenries per inch of PC trace can be used. In addi- 
tion, the inductance between the pins of the 1C and the die 
can be rounded off to 10 nanohenries per pin. It now 
becomes apparent that circuit inductances can quickly 
add up to 100 nanohenries, even with the best of PC lay- 
outs. For this example, an estimate of 60 nh was used to 
simulate the demonstration PC board. The equivalent cir- 
cuit is shown in figure 10. A 10 volt pulse is applied to the 
network using 6.2 ohms as the current limiting resistance. 
Displayed is the resulting voltage and current waveform at 
the totem-pole output. 




The shaded areas of each graph are of particular interest. 
During this time, the lower totem-pole transistor is satu- 
rated. The voltage at its collector is negative with respect to 
it’s emitter (ground). In addition, a positive output current is 
being supplied to the RLC network thru this saturated NPN 
transistor’s collector. The 1C specifications indicate that 
neither of these two conditions are tolerable individually, 
nevermind simultaneously. One approach is to increase 
the limiting resistance to change the response from under- 
damped to slightly overdamped. This will occur when: 

R (gate) > 2 • VI7c 

Unfortunately this also reduces the peak drive current, 
thus increasing the switching times of the FETS — highly 
undesirable. The alternate solution is to limit the peak 
current, and alter the circuit to accept the underdamped 
network. 
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The use of a Schottky diode from the PWM output to 
ground will correct both situations. Connected with the 
anode to ground and cathode to the output, it will prevent 
the output voltage from going excessively below ground, 
and will also provide a current path. To be effective, the 
diode selected should have a forward voltage drop of less 
than 0.3 volts at 200 milliamps. Most 1-to-3 amp diodes 
exhibit these traits above room temperature. The diode will 
conduct during the shaded part of the curve shown in 
figure xx when the voltage goes negative and the curfent 
is positive. The current is allowed to circulate without 
adversely effecting the IC performance. Placing the diode 
as physically close to the PWM as possible will enhance cir- 
cuit performance. Circuit implementation of the complete 
drive scheme is shown in the schematic. 



DIODE 
IN CLOSE 
PHYSICAL 
PROXIMITY 
TOIC 

OUTPUT(S) 


Transformer driven circuits also require the use of the 
Schottky diodes to prevent a similar set of circumstances 
from occurring on the PWM outputs. The ringing below 
ground is greatly enhanced by the transformer leakage 
inductance and parasitic capacitance, in addition to the 
magnetizing inductance and PET gate capacitance. Cir- 
cuit implementation is similar to the previous example. 


Peak Gate Current and Rise Time Caicuiations 

Several changes occur at the MOSFET gate during the 
turn-on period. As the gate threshold voltage is reached, 
the effective gate input capacitance goes up by about 
fifteen percent, and as the drain current flows, the capaci- 
tance will double. The gate-to-source voltage remains fairly 
constant while the drain voltage is decreasing. The peak 
gate current required to switch the MOSFET during a spec- 
ified turn-on time can be approximated with the following 
equation. 

I pk = _2 ( Ciss [ (2.5 • Vgth) -h [Crss(VDD -Vgth) ] J 
Ton gm 

Several generalizations can be applied to simplify this 
equation. First, let Vgth, the gate turn-on threshold, equal 
3 volts. Also, assume gm equals the drain current Id 


divided bythe change in gate threshold voltage, dVgth. For 
most applications, dVgth is approximately 2.5 volts for utili- 
zation of the FET at 75% of its maximum current rating. In 
most off-line power supplies, the gate threshold voltage is 
a small percentage of the drain voltage and can be elimi- 
nated from the last part of the equation. The formulas to 
determine peak drive current and turn-on time using the 
FET parameters now simplify to; 

I pk = • [ (10 • Ciss) -f- (Crss • V drain) } 

Ton 

Ton = — • [ (10 • Ciss) -f- (Crss • Vdrain) ) 

I pk 

Switching times in the order of 50 nanoseconds are attain- 
able with a peak gate current of approximately 1 .0 amps in 
many practical designs. Fligher drive currents are obtain- 
able using most Unitrode current mode PWMs which can 
source and sink up to 1 .5 amps peak (UC1825). Driver ICs 
with similar output totem poles (UC1707) are recom- 
mended for paralleled MOSFET, high speed applications. 

III. SYNCHRONIZATION 

Power supplies have historically been thought of as “black 
boxes,” an off-the-shelf commodity by most end users. 
Their primary function is to generate a precise voltage, 
independent of load current or input voltage variations, at 
the lowest possible cost. In addition, end users allocate a 
minimal amount of system real estate in which it must fit. 
The major task facing design engineers is to overcome 
these constraints while exceeding the customers’ expec- 
tations, attaining high power densities and avoiding 
thermal management problems. It is imperative, too, that 
the power supply harmonize and integrate with the system 
rather than cause catastrophic noise problems and last 
minute headaches. Products that had performed to satis- 
faction on the lab workbench powered by well filtered 
linear supplies may not fare as well when driven by a noisy 
switcher enclosed in a small cabinet. 

Basic power supply design criteria such as the switching 
frequency may be designated by the system clock or CPU 
and thus may not be up to the power supply designer’s dis- 
cretion. This immediately impacts the physical size of the 
magnetic components, hence overall supply size, and may 
result in less-than-optimum power density. However, for the 
system to function properly, the power supply must be 
synchronized to the system clock. 

There are numerous other reasons for synchronizing the 
power supply to the system. Most switching power noise 
has a high peak-to-average ratio of short duration, 
generally referred to as a spike. Common mode noise gen- 
erated by these pulsating currents through stray capaci- 
tance may be difficult (if not impossible) to completely elimi- 
nate after the system design is corriplete. Ground loop 
noise may also be amplified due to the interaction of 
changing currents through parasitic inductances, resultng 
in crosstalk through the system. EMI filtering to the main 
input line is much simpler and more repeatable when 
power is processed at a fixed frequency. 
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In addition, multiple power stages require synchronization 
to reduce the differential noise generated between mod- 
ules at turn-on. In unison, the converters begin their cycles 
at the same time, each contributing to common mode 
noise simultaneously, rather than randomly. This also sim- 
plifies peak power considerations and will result in predict- 
able power distribution and losses. Compensation made 
for voltage drops along the bus bars, produced by both the 
AC and DC power current components, can be accom- 
plished. Balancing of the loads and power bus losses also 
contributes to diminishing the differential noise and should 
be administered for optimum results. 



Figure 12. 



Figure 13. 


Operation of the PWM Oscillator 

In normal operation, the timing capacitor (Ct) is linearly 
charged and discharged between two thresholds, the 
upper and lower comparator thresholds. The charging 
current is determined by means of a fixed voltage across 
a user selected timing resistance (Rt). The resulting current 
is then mirrored internally to the timing capacitor Ct at the 
IC’s Ct output. The discharge current is internally set in 
most PWM designs. 

As Ct begins its charge cycle, the outputs of the PWM are 
initiated and turn on. The timing capacitor charges, and 
when its amplitude equals that of the error amplifier output, 
the PWM output is terminated and the outputs turn off. Ct 
continues to charge until it reaches the upper threshold of 
the timing comparator. Once intersected, the discharge 
circuitry activates and discharges Ct until the timing 
comparator lower threshold is reached. During this dis- 
charge time, the PWM outputs are disabled, thus insuring 
a “dead” time when each output is off. 



Figure 15. 


The SYNC terminal provides a “digital” representation of 
the oscillator charge/discharge status and can be utilized 
as both an input or an output on most PWM’s. In instances 
where no synchronization port is easily available, the timing 
circuitry (Ct) can be driven from a digital (OV, 5V) logic input 
rather than in the analog mode. The primary considera- 
tions of on-time, off-time, duty cycle and frequency can be 
encompassed in the digital pulse train. A LOW logic level 
input determines the PWM ON time. Conversely, a HIGH 
input governs the OFF time, or dead time. Critical con- 
straints of frequency, duty cycle or dead time can be 
accurately controlled by a digital signal to the PWM timing 
cap (Ct) input. The command can be executed by anything 
from a simple 555 timer, to an elaborate microprocessor 
software controlled routine. 
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Not all PWM IC’s have a direct synchronization input/out- 
put connection available to the internal oscillator. In these 
applications, the slave oscillator must be disabled and 
driven in a different fashion. This approach may also be 
required when using different PWMs amongst the slave 
modules with different sync characteristics, or anti-phase 
signals. 

Unfortunately, there are several drawbacks to this method, 
depending on the implementation. First, the PWM error 
amplifier has no control over the pulse width in voltage 
mode control. The error amplifier output is compared to a 
digital signal instead of a sawtooth ramp, rendering its 
attempts fruitless. The conventional soft start technique of 
clamping the error amp output, thereby clamping the duty 
cycle will not function. With no local timing ramp available, 
the supply is completely under the direction of the sync 
•pulse source. Should the pulse become latched or 
removed, the PWM outputs will either stay fully on, or fully 
off, depending on the sync level input (voltage mode). Also, 
without the local Ct ramp, the supply will not self-start, 
remaining off until the sync stream appears. Slope com- 
pensation for current mode controlled units requires addi- 
tional components to generate the compensating ramp. 
Every supply must be produced as a dedicated master, or 
slave, and must be non-interchangeable with one another, 
barring modification. This is only a brief list of the numerous 
design drawbacks to this “open-ended” sync operation. To 
circumvent these shortcomings, a universal sync circuit 
has been developed with the following performance fea- 
tures and benefits: I 

— Sync any PWM to/from any other PWM 

— Sync any PWM to/from any number of other PWMs 

— Sync from digital levels for simple system integration 

— Bidirectional sync signal 

— Any PWM can be master or slave with no modifications 

— Each control circuit will start and run independently 
of sync if sync signal is not present 

— Localized ramp at Ct for slope compensation 

— No critical frequency settings on each module 

— High speed — minimum delays 

— High noise immunity 

— Low power requirements 

— Remote off capability 

— Minimal effect on frequency, duty cycle, and dead time 

— Low cost and component count 

— Small size 

Sync Circuit Operating Principles 

These optimal objectives can be obtained using a combi- 
nation of both analog and digital signal inputs. The timing 
capacitor Ct input will be used as a summing junction for 
the analog sawtooth and digital sync input. The PWM is 
allowed to run independently using its own Rt and Ct 
components in standard configuration. When synchroni- 
zation is required, a digital sync pulse will be super- 
imposed on the Ct waveform. 


When applied, the sync pulse quickly raises the voltage at 
Ct above the PWM comparator upper threshold. This 
forces a change in the oscillator charge/discharge status 
and operation. The oscillator then begins its normal dis- 
charge cycle synchronized to the sync signal. This digital 
sync pulse simply adds to the analog Ct waveform, forcing 
the Ct' input voltage above the comparator upper 
threshold. 



VSYNC 

(DIGITAL) 



_ UPPER 
(THRESHOLD, 
VcT 

LOWER 
COMBINED threshold 


Figure 16. 


In practice, this approach is best implemented by bringing 
Ct to ground through a small resistance, about 24 ohms. 
This low value was selected to have minimal offset and 
effects on the initial oscillator frequency. The sync pulse will 
be applied across the 24 ohm resistor. Since all PWMs 
utilize the timing capacitor in their oscillator section, it is 
both a convenient and universal node to work with. 



Figure 17, Sync Circuit Implementation 

Oscillator Timing Equations 

The oscillator timing components must be first selected to 
guarantee synchronization to the sync pulse. The sawtooth 
amplitude must be lower than the upper threshold voltage 
at the desired sync frequency. If not, the oscillator will run 
In Its normal mode and cross the upper threshold first, 
before the sync pulse. This requirement dictates that the 
PWM oscillator frequency must be lower than the sync 
pulse frequency to trigger reliably. Typically, a ten percent 
reduction in free running frequency can be accommo- 
dated throughout the power supply. Adding the sync cir- 
cuit will have minor effects on the PWM duty cycle, dead- 
time and ramp amplitude. (These will be examined in 
detail.) 
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The Timing Ramp 

As mentioned, the timing ramp amplitude needs to be 
approximately ten percent lower infrequency than normal. 
Therefore, the M I N I M U M sync pulse am plitude must fill the 
remaining ten percent of the peak-to-peak ramp amplitude 
to reach the upper threshold. Synchronization can be 
insured over a wide range of frequency inputs and compo- 
nent tolerances by supplying a slightly higher amplitude 
sync pulse. 

Lowering the peak-to-peak charging amplitude also lowers 
the peak-to-peak discharge ahnplitude. This shortens the 
time required to discharge Ct since it begins at a lower 
potential. Consequently, this reduces the deadtime 
accordingly. However, the sync pulse width adds to the 1C 
generated deadtime and increases the effective off, or 
deadtime due to discharge. This sync pulse width need 
only be wide enough to be sensed by the 1C comparator, 
which is fairly fast. Additional sync pulse width increases 
deadtime which can be used to compensate for the 10% 
lower ramp hence deadtime. 



Figure 18. Oscillator Ramp Relationships 
Oscillator Ramp Equations 

The timing components required in the oscillator section 
are generally determined graphically from the manufac- 
turers’ data sheets for frequency and deadtime versus Rt 
and Ct. While fine for most applications, a careful examina- 
tion of the equations is necessary to analyze the impacts of 
the additional sync circuit components on the timing 
relationships. 

Oscillator Charging Ramp Equations 

AVosc = J- flchgdT = 1 ^ T 

Ct j Ct J 0 

T chg = { AV osc • Ct ] / Ichg where Ichg = Vchg / Rt 

AV osc = Vth upper - Vth lower 

AV osc’ = AV osc - V (24 ohm) 

t chg(o) 

V (24 ohm) = I chg • 24 = [Vchg / Rt] • 24 


These equations can be reduced if an approximation is 
made that the deadtime is very small in comparison to the 
total period. In this case, the entire effect of changing the 
ramp voltage is upon the charging time of the oscillator. 
Synchronizing to a higher frequency simply reduces the 
charging time of Ct, (Tchg). The new charging time (Tchg’) 
is the original charge time multiplied by the change in fre- 
quency between F original and F sync. This relative 
change will be used in several equations; it is labelled P, for 
percentage of change. 

JTchg^ ^ ^ ^ p "relative F change” 

T chg(o) T orig F sync 

For small values of charging current, or large values of Rt, 
the voltage drop across the 24 ohm resistor is negligible. A 
current of.2 milliamps will result in a 2.5% timing error with 
a 2 volt peak to peak oscillator ramp at Ct. It is also prefer- 
rable to free-run the 1C oscillator at about a 15% lower fre- 
quency than the synchronization frequency, where “P” = 
0.85. 

AVosc’ (sync) = AVosc(o) • P = 0.85 • A[Vosc] orig. 

T chg’ = T chg(o) • P = 0.85 T chg(o) 

V sync (minimum) amplitude = A [Vosc] • (1-P) 

= 0.15 • A [Vosc(o)] 

With an approximate 2 volt peak to peak oscillator ampli- 
tude, the minimum sync pulse amplitude is 0.30 volts for 
synchronization to occur with a 15% latitude in 
frequencies. 

Oscillator Discharge Ramp Equations 

Proper deadtime control in the switching power stage is 
required to safeguard against catastrophic failures. Add- 
ing the sync circuit to the oscillator reduces the discharge 
time of the timing capacitor Ct, hence reducing the dead- 
time of the PWM. There are two contributing factors. First, 
the peak amplitude at the timing capacitor is lowered by AV 
osc(o) - AVosc’, and the capacitor begins its discharge 
from a lower potential. Second, the 24 ohm resistor adds 
an offset voltage, dependerit on its current. Typical 1C dis- 
charge currents range from approximately 6 to 12 milli- 
amps. This offset due to charging current (1-2 ma) is low in 
comparison to that of the discharge current (6 to 12 ma). 
While negligible during the charge cycle, its tenfold effects 
must be taken into account during the discharge, or 
deadtime. 

The discharge time (T dchg) can be calculated knowing 
the discharge current of the particular 1C. More convenient 
is to use the manufacturers’ published deadtime listing for 
a known value of Ct, and to calculate the effects of the sync 
circuit. The discharge current has been averaged to 8 milli- 
amps for brevity. 

AV dschg’ = [AVdchg(o) • P] - V (24 ohm) 

= [0.85 • AVosc(o)] - 0.2 volts 

T dchg’ = T dchg(o) - T loss (24 ohms) 

where T dchg(o) = initial deadtime from curve 
= T dchg(o) • [AV dchg’ / AVosc(o)] 
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The actual deadtime is a summation of both the discharge 
time of Ct and the width of the sync pulse. While being 
applied, the sync pulse disables the PWM outputs and 
must be added to the discharge time. The sync pulse width 
can be used to compensate for the “lost” deadtime, or as 
a deadtime extension. 

T dead’ = T dchg’ + T sync pulse width 


+5V 


SYNC 




FROM 

UC1825 



Figure 19. Sync Circuit Schematic 


Operating Principles 

A positive going signal is input to the base of transistor Q1 
which operates as an emitter follower. The leading edge of 
the sync signal is coupled into the base of Q2 through 
capacitor C1 , developing a voltage across R4 in phase with 
the sync input. This signal is driven through C2 to the slave 
timing capacitor and 24 ohm resistor network, forcing 
synchronization of the slave to the master. This high speed 
pulse amplifier circuit adds a minimum of delay («50 ns) 
between the master to slave timing relationship. 


Top Trace: 
Master :Ct 

Center Trace: 
Clock Output 

Bottom Trace: 

V Sync Output 



F0SC = 1MHz 

Figure 21. Circuit Timing Waveforms 


Top Trace: 

Master Clock Output 


Bottom Trace: 

Slave Clock Output 

Both:1 V/CM.20ns/CM 



Top Trace: 

Clock Input 

Center Trace: 
Base-to-Ground 
Voltage at 02 

Bottom Trace: 
Output Voltage 
into 8 ohms 



Vertical: 1 Volt/CM Horizontal: 

F0SC = 1MHz 


Figure 20. Sync Circuit Waveforms 


Figure 22. Sync Circuit Deiay; Input to Output 


Trace 1: Master 


Trace 2: Slave 1 


Trace 3: Slave 2 


Trace 4: Slave 3 




This photo displays the waveforms of the sync circuit in 
operation at a clock frequency of 1 megahertz. The top 
trace is the circuit input, a 2.5 volt peak-to-peak clock out- 
put signal from the UC3825 PWM. Any of several other 
PWMs can be used as the source. with similar results at 
lower frequencies. The center trace depicts the base to 
ground voltage waveform at transistor Q2, biased at 3 volts. 
The lower trace displays the output voltage across R4 while 
driving three slave modules, or about 8 ohms from the 5 
volt reference. 


Vertical: 1 V/CM All Horizontal: 

Fb = 1 MHz 

Figure 23. Oscillator Waveforms: 
Master and Slaves 
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Trace 1: Master 
Trace 2: Slave 1 
Trace 3: Slave 2 
Trace 4: Slave 3 


Vertical: 1 V/CM All Horizontal: 20 ns/CM 



Figure 24. Typical Sync Delay at Ct: 
Master to Slaves 


Synchronization ranges for the slaves were discussed in 
the previous text. The 1 volt sync pulse will accommodate 
most ranges in frequency due to manufacturers’ toler- 
ances. The following photo is included to display the out- 
come of trying to use the sync circuit on slaves with oscilla- 
tor frequencies set beyond the sync circuit range. The 
upper trace is the master Ct waveform. The center trace is 
Ct of a slave free-running at approximately one half that of 
the master. The sync pulse alters the waveform, however 
does not bring it above the comparator’s upper threshold 
to force synchronization. The lower trace shows a slave free 
running at approximately twice that of the master’s oscilla- 
tor. In this instance, the sync pulse forces synchronization 
at alternate cycles to the master. 


Top Trace: Master Ct 
FOSC = 1.0MHz 


Center Trace: Slave 1 
F CSC = 500 KHz 


Bottom Trace: Slave 2 
F0SC = 1.7 MHz 



Vertical: 1 V/CM All Horizontal: 250 ns/CM 


Figure 25. Nonsynchronous Operation 


For voltage mode control, the free-running frequencies of 
the oscillator should be set as close to the master as toler- 
ances will allow. One of the consequences of not doing so 
is the reduced amplitude of the Ct waveform, resulting in a 
lower dynamic range to compare against the error ampli- 
fier output. The top trace in the following photo shows that 
slave 1 has a much smaller ramp than slave 2, the lower 


U-111 

trace. The amplitude should be made as large as possible 
to enhance circuit performance. 


Top Trace: Slave 1 
dV Ramp = 1.25V' T 
F OSC < F Sync 


Center Trace: Slave 2 
dV Ramp = 1.75V 
F OSC = F SYNC 


dVi 

II 

dV2 


Bottom Trace: Sync 



Figure 26. Ct Ramp Amplitude Waveforms 


Sync Pulse Generation from 
the Oscillator Ct Waveform 

Not every PWM IC is equipped with a sync output terminal 
from the oscillator. This is certainly the case with most low 
cost, mini-dip PWMs with a limited number of pin, like the 
UC1842/3/4/5. These ICs can provide a sync output with a 
minimum of external components. 

Common to all PWMs of interest is the timing capacitor, Ct, 
used in the oscillator frequency generation. The universal 
sync circuit previously described triggers from the master 
deadtime, or Ct discharge time. A simple circuit will be 
described to detect this falling edge of the Ct waveform 
and generate the sync pulse required to the slave PWM(s). 



Figure 27. Sync Pulse Generator Circuit 
Operating Principles 

Transistor Q1 is an emitter follower to buffer the master 
oscillator circuit, and capacitively couples the falling edge 
of the timing waveform to the base of Q2. Since the rising 
edge of the waveform is typically ten or more times slower, 
it does not pass through to Q2, only the falling edge, or 
deadtime pulse is coupled. Transistor Q2 inverts this sync 
signal at its collector, which drives Q3, the power stage of 
this circuit. Similar to the universal sync circuit, the slave 
oscillator sections are driven from Q3’s emitter. This circuit 
is useable to several hundred kilohertz with a minimum of 
delays between the master and slave synchronization 
relationship. 
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Top Trace: 
Circuit Input 


Bottom Trace: 
Circuit Output 
Across 24 Ohms 



Vertical: 0.5 V/CM Both Horizontal: 0.5 /tS/CM 


Figure 28. Operating Waveforms at 500 KHz 


Top Trace: 
Slave Ct 

Bottom Trace: 
Master Ct 



Vertical: 0.5 V/CM Both Horizontal: 0.5 ;iS/CM 


Figure 29. Master/Slave Sync Waveforms at Ct 


IV. EXTERNALLY CONTROLLING THE PWM 

Many of today’s sophisticated control schemes require 
external control of the power supply for various reasons. 
While most of these requirements can be incorporated 
quite easily with a full functioned control chip, (typical of a 
16 pin device), implementation may be more complex with 
a low cost, 8 pin PWM. Circuits to provide these functions 
with a minimum of external parts will be highlighted. 


Shutdown 

One of the most common requirements is to provide a 
complete shutdown of the power supply for certain situa- 
tions like remote on/off, or sequencing. Typically, a TTL 
level input is used to disable the PWM outputs. Both vol- 
tage and current mode control ICs can perform this task by 


simply pulling the error amplifier output below the lower 
threshold of the PWM comparator of approximately 0.5 
volts. This can be easily implemented via an NPN transistor 
placed between the E/A output and ground, used to short 
circuit the E/A output to zero volts. In most cases, this node 
is internally current limited to prevent failures. 

Another scheme is to pull the current limit or current sense 
input above its upper threshold. A small transistor from this 
input to the reference voltage will fulfill this requirement. 

ACTIVE LOW 






ACTIVE HIGH 


O E/A OUTPUT 

PWM 

0 GND 


B. NONLATCHING 
Figure 31. 

Latching Shutdown 

For those applications which require a latching shutdown 
mechanism, an SCR can be used in conjunction with the 
above circuits, or in lieu of them. The SCR can also be 
placed from the PWM E/A output to ground, provided the 
PWM E/A minimum short circuit current is greater than the 
maximum holding current of the SCR, and the voltage 
drop at l(hold) is less than the lower PWM threshold. 
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Soft Start 

Upon power-up, it is desirable to gradually widen the PWM 
pulse width starting at zero duty cycle. On PWMs without 
an Internal soft start control, this can be implemented exter- 
nally with three components. An R/C network is used to 
provide the time constant to control the I limit input or error 
amplifier output. A transistor is also used to Isolate the com- 
ponents from the normal operation of either node. It also 
minimizes the loading effects on the R/C time constant by 
amplification through the transistors gain. 


Variable Frequency Operation 

Certain topologies and control schemes require the use of 
a variable frequency oscillator in the controlling element. 
However, most PWMs are designed to operate in a fixed 
frequency mode of operation. A simple circuit is presented 
to disable the ICs internal oscillator between pulses, thus 
allowing variable frequency operation. 

Internal at the ICs timing resistor (Rt) terminal Is a current 
mirror. The current flowing through Rt is duplicated at the 
Ct terminal during the charge cycle, or “on" time. When the 
Rt terminal is raised to V ref (5 volts), the current mirror is 
turned off, and the oscillator is disabled. This is easily 
switched by a transistor and external logic as the control 
element, for example, a pulse generator. The PWM’s timing 
resistor and capacitor should be selected for the maximum 
“ON" time and minimum “DEAD" time of the PWM 
output(s). The rate at which the PWM oscillator is disabled 
determines the frequency of the output(s). 

The frequency can be varied in two distinct fashions 
depending on the desired control mode and trigger 
source. The “off" time of both outputs will occur on a pulse- 
by-pulse basis when the PWM outputs are ORd to the trig- 
ger source. In this configuration either output initiates the 
“off" time, triggered by its falling edge. The PWM output A 
is activated, then both outputs A and B are low during the 
“off" time of the pulse generator. This is followed by output 
B being activated, then both outputs A and B low again 
during the next “off" time. This cycle repeats itself at a fre- 
quency determined by the pulse generator circuitry. 
Another method is to Introduce the “off" time after two 
(alternate A, then B) output pulses. Output A is activated, 
followed immediately by output B, then the desired “off" 
time. The pulse generator circuitry is triggered by the 
PWM’s falling edge of output B. The specific control 
scheme utilized will depend on the power supply topology 
and control requirements. 


fj Vref 



PWM 




E/A OUTPUT 


B. USING E/A 
Figure 33. 



Figure 34. Osciilator Disabie Circuit 

Variable Frequency Operation 
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Fixed “Off-Time” Applications 

Obtaining a fixed ‘‘off-time” and a variable “on-time" can 
easily be accomplished with most current-mode PWM IC’s. 
In these applications, the Rt/Ct timing components are used 
to generate the “off-time” rather than the traditional “on- 
time.” Implementation is shown schematically in Figure 3 
along with the pertinent waveforms. 

At the beginning of an oscillator cycle, Ct begins charging 
and the PWM output is turned on. T ransistor Q1 is driven 
from the output and also turns on with the PWM output, thus 
discharging Ct and pulling this node to ground. As this 
occurs, the oscillator is “frozen” with the PWM output fully 
ON. On-time can be controlled in the conventional manner 


by comparing the error amplifier output voltage with the 
current sense input voltage. This results in a current con- 
trolled “on-time” and fixed “off-time” mode of operation. 
Other variations are possible with different inputs to the 
current sense input. 

When the PWM output goes low (off), transistor Q1 also turns 
off and Ct begins charging to its upper threshold. The off-time 
generated by this approach will be longer for a given Rt/Ct 
combination than first anticipated using the oscillator “charg- 
ing” equations or curves. Timing capacitor Ct now begins 
charging from Vsat of Q1 (approx. OV) instead of the internal 
oscillator lower threshold of approximately 1 volt. 


FIXED “OFF-TIME” CURRENT 
CONTROLLED “ON-TIME” 



SCHEMATIC 


OUTPUT 







ON 

OFF 

ON 

OFF 

ON 
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Current Mode ICs Used in Voltage Mode 

Most of today’s current mode control ICs are second and 
third generation PWMs. Theirfeatures include high current 
output driver stages, reduced internal delays through their 
protection circuitry, and vast improvements in the refer- 
ence voltage, oscillator and amplifier sections. In compari- 
son to the first generation ICs (1524), numerous advan- 
tages can be obtained by incorporating a second or third 
generation IC (18XX) into an existing voltage mode design. 
In duty cycle control (voltage mode), pulse NA/idth modula- 
tion is attained by comparing the error amplifier output to 
an artificial ramp. The oscillator timing capacitor Ct is used 
to generate a sawtooth waveform on both current or vol- 
tage mode ICs. To utilize a current mode chip in the voltage 
mode, this sawtooth waveform will be input to the current 
sense input for comparison to the error voltage at the PWM 
comparator. This sawtooth will be used to determine pulse 
width instead of the actual primary current in this method. 



Figure 36. Current Mode PWM Used as a 
Voltage Mode PWM 

Compensation of the loop issimilartothat of voltage mode, 
however, subtle differences exist. Most of the earlier PWMs 
(15xx) incorporate a transconductance (current) type 
amplifier, and compensation is made from the E/A output 
to ground. Current mode PWMs use a low output resis- 
tance (voltage) amplifier and are compensated accord- 
ingly. For further reference on topologies and compensa- 
tion, consult “Closing the Feedback Loop’’ listed in this 
appendix. 


VI. FULL DUTY CYCLE (100%) APPLICATIONS 

Many of the higher power (>500 watt) power supplies 
incorporate the use of a fan to provide cooling for the mag- 
netic components and semiconductors. Other users lo- 
cate fans throughout a computer mainframe, or other 
equipment to circulate the air and keep temperatures from 
skyrocketing. In either case, the power supply designer is 
usually responsible for providing the power and control. 
The popularity of low voltage DC fans has increased 
throughout the industry due to the stringent agency safety 
requirements for high voltage sections of the overall circuit. 
In addition, it’s much easier to satisfy dual AC inputs and 
frequency stipulations with a low cost DC fan, powered by 
a semi-regulated secondary output. 

The most efficient way to regulate the fan motor speed 
(hence temperature) is with pulse width modulation. An 
error signal proportional to temperature can be used as the 
control voltage to the PWM error amplifier. While nearly full 
duty cycle can be easily attained, the circumstances may 
warrant full, or true 100% duty cycle. 

This condition is highly undesirable in a switch-mode 
power supply, therefore most PWM IC designs have gone 
to great extent to prevent 100% duty cycle from occurring. 
There are simple ways to over-ride these safeguards, how- 
ever. One method, presented below, “freezes” the oscilla- 
tor and holds the PWM output in the ON, or high state 
when the circuit is activated. Feedback from the output is 
required to guarantee that the oscillator is stopped while 
the output is high. Without feedback, the oscillator can be 
nulled with the output in either state. 


-I-12V 



Figure 37. Full Duty Cycle Implementation 
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VII. HIGH EFFICIENCY START-UP CIRCUITS 
FOR BOOTSTRAPPED POWER SUPPLIES 

Many pulse width modulator I.C.s have been optimized for 
offline use by incorporating an under-voltage lockout cir- 
cuit. Demanding only a milliamp or two until start-up, the 
auxiliary supply voltage (V aux) can be generated by a sim- 
ple resistor/capacitor network from the high voltage dc rail 
l+y dc). Once start-up is reached, the auxiliary power is 
supplied by means of a “boostrap” winding on the main 
transformer. 

While the start-up requirements are quite low, losses in the 
resistor to the high voltage DC can be significant in steady 
state operation. This is especially true for low power ( < 35 
watt) applications and circuits with high voltage rails (400 
volts DC, for example). Once the main converter is running, 
switching the start-up resistor out of circuit would increase 
efficiency substantially. Circuits have been developed to 
use either bipolar or MOSFET transistors as the switch to 
lower the start-up circuit power consumption, depending 
on the application. Selection can be based on optimizing 
circuit efficiency (MOSFET) or lowest component cost 
(bipolar). The overall improvement in power supply effi- 
ciency suggests this circuitry is a practical enhancement. 

The high efficiency start-up circuit shown in figure 1 utilizes 
two NPN bipolar transistors to switch the start-up resistor in 
and out of circuit. It can be used in a variety of applications 
with minor modifications, and requires a minimum of com- 
ponents. Figure 2 displays a similar circuit utilizing N 
channel MOSFET devices to perform the switching. 



(90-190V) -H Vdc 



Theory of Operation 

Prior to applying the high voltage DC, capacitor C1 is dis- 
charged; switches 01, 02 and the main converter are off. 
As the input supply voltage (Vdc) rises, resistors R1 and R2 
form a low current voltage divider. The voltage developed 
across R2 rises accordingly with -fV dc until switch 01 
turns on, thus charging 01 thru R start-up from -fV dc. This 
continues as the UV lockout threshold of the I.C. is reached 
and the main converter begins operation. Energy is deli- 
vered to 01 from the bootstrap winding in addition to that 
supplied through R start-up. 

After several cycles, the auxiliary voltage rises with the main 
converters increasing pulse width, typical of a soft-start rou- 
tine. Current flows through zener diode D1 and develops a 
voltage across the Q2’s biasing resistor, R3. Transistor Q2 
turns on when the auxiliary voltage reaches V zener plus 
Q2’s turn on threshold. As this occurs, transistor Q1 is 
turned off, thus eliminating the start-up resistor from the cir- 
cuit power losses. In most applications, the auxiliary vol- 
tage is optimized between 12 and 15 volts for driving the 
main power MOSFETs, while keeping power dissipation in 
the PWM 10 low. 

If the main converter is shut down for some reason, V aux 
will decay until Q2 turns off. Transistor Q1 then turns back 
on, and 01 is charged through R start-up from the high vol- 
tage DC, as during start-up. 

VIII. CURRENT MODE 
HALF BRIDGE APPLICATIONS 

As previously described (1), current mode control can 
cause a “runaway” condition when used with a “soft” cen- 
tered primary power source. The best example of this is the 
half bridge converter using two storage capacitors in series 
from the rectified line voltage. For 110 VAC operation, the 
input is configured as a voltage doubler, and one of the AC 
inputs is tied directly to the storage capacitor’s centerpoint. 
This is considered a “stiff” source, since the centerpoint will 
remain at one-half of the developed voltage between the 
upper and lower rail. However, during 220 VAC inputs, a 
bridge configuration is used for the input rectifiers, and the 
capacitors are placed in series with each other, across the 
bridge. Their centerpoint potential will vary when different 
amounts of charge are removed from the capacitors. This 
is generally caused by uneven storage times in the switch- 
ing transistors Q1 and Q2. 


STIFF CENTERPOINT 
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SOFT CENTERPOINT 



Figure 41. 

The centerpoint voltage can be maintained at one-half 
+Vdc by the use of a balancing technique. In normal 
operation, transistor Q1 turns on, and the transformer pri- 
mary is placed across one of the high voltage capacitors, 
C1 for example. On alternate cycles the transformer pri- 
mary is across the other cap, C2. An additional balancing 
winding, equal in number in turns to the primary, is wound 
on the transformer. It is connected also to the capacitor 
centerpoint at one end and thru diodes to each supply rail 
at the other end. The phasing is such that it is in series with 
the primary winding through the ON time of either 
transistor Q1 or Q2. 



Qi 


Q2 


Figure 42. Schematic - Baiancing Winding 


In this configuration, the center point of the high voltage 
caps is forced to one-half of the input DC voltage by nature 
of the two series windings of identical turns. Should the 
midpoint begin to drift, current flows thru the balancing 
winding to compensate. 



Figure 43. Transistor QI On 



□2 

Np 

Np 

Q2 


Figure 44. Transistor Q2 On 

In most high frequency MOSFET designs, the FET mis- 
matches are small, and the average current in the balanc- 
ing winding is less than 50 milliamps. A small diameter wire 
can be wound next to the larger sized primary for the 
balancing winding with good results. 

IX. PARALLELING CURRENT MODE MODULES 

One of the numerous advantages of current mode control 
is the ability to easily parallel several power supplies for in- 
creased output power. This discussion is intended as a 
primer course to explore the basic implementation 
scheme and design considerations of paralleling the 
power modules. Redundant operation, failure modes and 
their considerations are not included in this text. 

The prerequisites for parallel operation are few in number, 
but importantto insure proper operation. First, each power 
supply module must be current mode controlled, and 
capable of supplying its share of the total output power. All 
modules must be synchronized together, and one unit can 
be designated as the master for the sake of simplicity. All 
remaining units will be configured as slaves. 

The master will perform one function in addition to gen- 
erating the operating frequency. It provides a common 
error voltage (Ve) to all modules as the input to the PWM 
comparator. This voltage is compared to the individual 
module’s primary current at its PWM comparator. The 
slaves are utilized with their error amplifier configured in 
unity gain. Assume there are identical primary current 
sense resistors in each module, and no internal offsets in 
the ICs amplifiers or other circuit components. In this case, 
the output voltages and currents of each module would be 
identical, and the load would be shared equally among the 
modules. 


Ve 



Ve ± lOmV 


Vr = Ip • Rs (±5%) 



Ve ± 20mV 


ERROR AMPLIFIER 


PWM COMPARATOR 


Figure 45. PWM Diagram 
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In reality, small offets of ± 10 millivolts exist in each PWM 
amplifier and comparator. As the common error voltage, 
(Ve) traverses through the IC’s circuitry, its accuracy de- 
creases by the number and quality of gates in its path. The 
maximum error occurs at the lowest common mode ampli- 
fier voltage, approximately 1 volt. The ±20 millivolt offset 
represents a ± 2% error at the PWM comparator. At higher 
common mode voltages, typical of full load conditions, the 
error voltage (Ve) is closer to its maximum of 4 volts. Here 
the same ±20 millivolts introduces only ±0.5% error to the 
signal. 

The other input to the PWM comparator, Vr, is the voltage 
developed by the primary current flowing through the cur- 
rent sense resistor(s). In many applications, a5%toleranbe 
resistor is utilized resulting in a ±5% error at the PWM 
comparator’s “current sense” or ramp input. 

Pulse width is determined by comparing the error voltage 
(Ve) with the current sense voltage, (Vr). When equal, the 
primary current is therefore the error voltage divided by the 
current sense resistance; Ip = Ve/Rs. Output current is 
related to the primary current by the turns ratio (N) of the 
transformer. Sharing of the load, or total output current is 
directly proportional to the sharing of the total primary cur- 
rent. The previous equations and values can be used to 
determine the percentage of sharing between modules. 


Primary current. Ip = Ve/Rs. Introducing the tolerances. 
Ip’ = Ve (±2%) / Rs (±5%); therefore Ip’ = Ip (±7%) 
The primary currents (hence output currents) will share 
within ± seven percent (7%) of nominal using a five per- 
cent sense resistor. Clearly, the major contribution is from 
the current sense circuitry, and the PWM 1C offsets are 
minimal. Balancing can be improved by switching to a 
tighter tolerance resistor in the current sense circuitry. 
The control-to-output gain (K) decreases with increasing 
load. At high loads, when primary currents are high, so is 
the error amplifier output voltage, (Ve). With atypical value 
of four volts, the effects of the offset voltages are minimized. 
This helps to promote equal sharing of the load at full 
power, which is the intent behind paralleling several 
modules. 

For demonstration purposes, four current mode push-pull 
power supplies were run in parallel at full power. The pri- 
mary current of each was measured (lower traces) and 
compared to a precision 1 volt reference (upper trace). The 
voltage differential between traces is displayed in the 
upper right hand corner of the photos. Using closely 
matched sense resistors, the peak primary currents varied 
from a low of 2.230A to 2.299 amps. Calculating a mean 
value of 2.270 amps, the individual primary currents 
shared within two percent, indicative of the sense resistor 
tolerances. 



Figure 46. Primary Currents - Paraiiei Operation 
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Other factors contributing to mismatch of output power are 
the individual power supply diode voltage drops. The out- 
put choke inductance reflects back to the primary current 
sense, and any tolerances associated with it will alter the 
primary current slope, hence current. In the control sec- 
tion, the peak-to-peak voltage swing at the timing capacitor 
Ct effects the amount of slope compensation introduced, 
along with the tolerance of the summing resistor. These 
must all be accounted for to calculate the actual worst case 
current sharing capability of the circuit. 


Top Trace: 

Ve: Error Voltage 
with Noise 

Lower Trace: 

Vr: Primary 
Current 



jitter. Cables should be of equal length, originating at the 
master and routed away from any noise sources, like the 
high voltage switching section. All input and output power 
leads should be exactly the same length and wire gauge, 
connected together at ONE single point. Leads should be 
treated as resistors in series with the load, and deviations 
in length will result in different currents delivered from each 
module. 


MASTER 



Figure 47. Noise Modulating Ve 


Proper layout of all interconnecting wires is required to 
insure optimum performance. Shielded coax cable is 
recommended for distributing the error voltage among the 
modules. Any noise on this line will demonstrate its impact 
at the PWM comparator, resulting in poor load sharing, or 


Unitrode Corporation makes no representation that the use 
or interconnection of the circuits described herein will not 
infringe on existing or future patent rights, nor do the descrip- 
tions contained herein imply the granting of licenses to make, 
use or sell equipment constructed in accordance therewith. 
© 1987 by Unitrode Corporation. All rights reserved. This 
bulletin, or any part or parts thereof, must not be reproduced 
in any form without permission of the copyright owner. 
NOTE The information presented in this bulletin is believed 
to be accurate and reliable. However, no responsibility is 
assumed by Unitrode Corporation for its use. 
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A HIGH PRECISION PWM TRANSCONDUCTANCE AMPLIFIER 
FOR MICROSTEPPING USING UNITRODE’S UC3637 


INTRODUCTION 

If you ask a designer why he has chosen a stepping mo- 
tor for a given application, chances are that his answer 
will include something about “open loop positioning.” 
Stepping motors can provide accurate positioning without 
expensive position sensors and feedback loops, and this 
fact alone results in large savings. 

But there is more: steppers are tough and durable, easy 
to use, and high in power rate. And if you want to close a 
feedback loop around them, you can do that, too. 

Still, there are certain problems. Steppers are incremental 
/77o//or7 machines, and as such they tend to be noisy and 


are prone to behave erratically under certain conditions; 
for example, when the stepping rate is such as to excite a 
mechnical or electro-mechanical resonant mode. Further- 
more, although the angular increments may be small — es- 
pecially when half-stepping is used — the positioning reso- 
lution is restricted to a finite number of discrete points. 

Therefore, this question arises: “Is there a method of driv- 
ing stepping motors such that the resulting movement is 
smooth and quiet — that is, essentially continuous, as op- 
posed to incremental? And would this result in improved 
positioning resolution?” We will try to answer these ques- 
tions here. 



The curves in Figure 1 illustrate how a stepping motor 
torque behaves as a function of rotor angle. The detent 
torque component is a consequence of the magnetic field 
produced by the rotor magnet (or magnets), and is pres- 
ent with or without phase currents applied. It can be seen 
that this component contributes a fourth harmonic distor- 
tion to the static torque curves. The energized torque 
curves, in general, have additional harmonic components, 
mostly the third and fifth. Note that the two motors depict- 


ed in Figure 1 have very different characteristics in this re- 
spect. The distortion observed in the static torque charac- 
teristic is of no great consequence In the more usual ap- 
plications of stepping motors, using either full step or half 
step sequences. It is when we start thinking about in- 
creasing the positioning resolution of these motors by 
some method of apportioning currents between the two 
phases, that we begin to be concerned about the effects 
of harmonic distortion. Even small amounts of added har- 
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monies can have a very noticeable effect on the wave- 
shape, as shown in Figure 2. 



0° 1 QO 20® 30® 400 50® 60® 70® 80® 90® 

DEGREES 

0017-2 

Figure 2. Effect of 10% and 20% Harmonic Content 

Figure 3 shows the relationship between sine and cosine 
waveforms, and what it tells us is that if we can get a mo- 
tor with a sinusoidal static torque characteristic — i.e., with 
no harmonic components — and drive phase A with a sine 
current function and phase B with a cosine current func- 
tion, we would have smooth shaft rotation and accurate 
positioning at any angle. 


Stepping motors having static torque curves with very low 
harmonic distortion are commercially available today. But 
most low-priced, mass produced hybrid steppers exhibit 
torque curves with enough harmonic components to re- 
quire careful consideration in any attempt to improve reso- 
lution by what is known as microstepping. (The name mi- 
crostepping originates from the fact that the required cur- 
rent waveforms are generated by a digital process that 
aproximates those waveforms incrementally. With thirty- 
two or sixty-four increments for an electical angle of tt/2 
radians, the resulting waveforms are hardly distinguishable 
from true sine or cosine signals.) 

If the nonsinusoidal static characteristic of a given motor 
is known, it is possible to generate appropriate wave- 
shapes for the phase currents so that the resulting torque 
curve becomes free of distortion, as required. Note that 
this involves no additional complexities, since it is just as 
easy — or difficult — to synthesize one waveform as anoth- 
er. Consequently, one can, in principle, linearize any mo- 
tor for increased resolution and smoothness through mi- 
crostepping. 

Still, it should be noted that the best efficiency is obtained 
when the phase current waveshapes are undistorted, be- 
cause of all suitable waveforms, the sine wave has the 
lowest form-factor. 
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The form-factor of a waveform is the ratio if its rms to av- 
erage values. For a sine wave, this ratio is: 


(1) ffs = 


0.707 

0.637 


1.111 


Some manufacturers have used triangular waveforms — 
largely because they can be implemented with great sim- 
plicity — and it is interesting to note that for such a wave- 
form, the average value is 0.5 VpK, while the rms is 0.577 
VpK- Thus the form factor is: 


(2) ffj = 


0.577 

0.5 


1.155 


As a consequence, for the same peak power applied to 
the motor, the rms power of a triangular waveform is 18% 
less than that of a sine wave, whereas the average cur- 
rent is 21% less. It follows that microstepping with a trian- 
gular waveform does not use the full capabilities of the 
motor. 


The same result is obtained with other-waveforms, as long 
as the peak power is limited, as it must be. 

But regardless of all this, the fact remains that whether 
our motor has a sinusoidal torque curve or a very distort- 
ed one, the thing that will be inevitably required will be 
two amplifiers capable of converting the synthesized 
waveform into phase currents at the required power lev- 
els. In the next section, we will describe the design of one 
such amplifier, having a transconductance linearity of bet- 
ter than 1% and capable of delivering phase currents of 
up to ± 6A. 


UNITRODE’S UC3637 PWM CONTROLLER 

Pulse width modulation (PWM) is a method of power con- 
trol whose most attractive feature is the high level of effi- 
ciency that can be obtained. With careful design, and us- 
ing power MOSFETs as output switches, one can easily 
achieve efficiencies higher than 80%. 

The Unitrode UC3637 PWM controller, housed in an eigh- 
teen-pin OIL package, was originally intended to serve as 
a PWM amplifier for brush-type PM servomotors. But, be- 
cause of its ingenious design, the device has found its 
way into various other uses as well, such as temperature 
control, uninterruptible power supplies, and even high fi- 
delity sound reproduction. As we shall see, it can also be 
used in a high performance PWM transconductance am- 
plifier. 


dients of the PWM amplifier. Since we are looking for an 
output of 6A, an H-bridge power stage must be added. 
The motor current Im is sensed by means of a low value 
resistor Rs, and the derived voltage Vc is used to com- 
plete the feedback loop. Not shown in the block diagram 
is the back-EMF voltage, the product of motor shaft 
speed and Ky, the motor speed constant. Since this term 
does not contribute to the dynamics of the current feed- 
back loop, it has purposely been left out. 



Figure 4. Block Diagram of the Complete Current- 
Control Loop 


The transfer functions of the error amplifier and motor are 
as follows: 


yo ^ _ 1 +SRC 

( 4 ) iM = ^ 

Vb Rm(1 + sTm) 


where Tm = Lm/Rm. the motor’s electrical time-constant 
(Rs is assumed to be low compared with Rm)- The for- 
ward transfer function is, then: 


(5) G (s) = 


-KaKb(1 + sRC) 
sRiRmC( 1 +sTm) 


For the feedback transfer functions, we have simply: 


(6) H (s) = ^ = Kc 
Im 


BLOCK DIAGRAM AND LOOP EQUATIONS 

A block diagram of the current feedback loop under con- 
sideration is shown in Figure 4, where the UC3637 is seen 
to contain the high-gain error amplifier and the main ingre- 


Thus, for the closed loop, 

iM ^ KaKb(1 +sRC) 

^ ' ViN KaKbKc(1 +sRC) + sRiRmC( 1 + sTm) 
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If we make the time-constant RC equal to the motor’s 
time-constant T^, this becomes; 

(8) Jm. = !<a!5b 

''V|N KaKbKc + sRiRmC 

(9) JM = ] 

V|N Kc(1+sTi) 
where, 

mO)T - _ RiLm 

^ KaKbKc KaKbKcR 

By making RC = Tm, we have eliminated one of the 
transfer function poles. The resulting closed-loop re- 
sponse, described by (7) has a gain of 1/Kc from o) = 0 
to 0 ) = 1/Ti, and drops at -6 bd/octave thereafter. 

DESIGNING THE HARDWARE 

In designing circuits intended to handle power, it is cus- 
tomary to start with the output stage. This is surely due to 
the fact that the power stage is more demanding of the 
designer’s attention and care, whereas the low level cir- 
cuits are far more adaptable to the requirements of the 
chosen output configuration. 

In the present case, power MOSFETs were chosen for 
the H-bridge because of their low losses, and because of 
their compatibility with the UC3637 outputs. Each totem- 
pole leg of the bridge is made up of one N-channel and 
one P-channel device. Such a pair can be driven in many 
different ways, of which several were considered for this 
particular design. The method that was finally chosen, 
shown In Figure 5, requires a few comments. 



Figure 5. Totem-Pole Leg of Output H-Bridge 


The first thing to notice is that the upper MOSFET, tran- 
sistor QP, has its gate driven through a capacitor, Ci . This 
is not always practical of course, but in the case of a 
chopper drive combined with a stepping motor, it turns out 
that a driving signal is always present. At stand-still and at 
low speeds, it is the chopping rate that appears; at higher 
speeds, it is the stepping rate itself, or both. The driver is 
never required to deliver continuous DC (unchopped) to 
the motor winding, as it would to the armature of a brush- 
type DC motor at full speed. Consequently, QP never 
needs to be held in the ON state for more than a few mi- 
croseconds, and for this the time constant of C1 R4 is ad- 
equate. Also, resistor Ra in parallel with CRi, together 
with the gate capacitance of QN, cause this transistor to 
turn off faster than it turns ON. Since the same thing is 
done for QP, the problem of cross-conduction is neatly 
taken care of. The Zener diode CR3 serves as a clamp 
for the QP gate voltage. Finally, an inhibiting line, INH, is 
provided as a protection for QP and QN during the power 
turn-on time, when the +Vm voltage is rising and C1 must 
be charged. An auxiliary circuit senses a positive dV^/dt 
and holds the INH line low, thus keeping QN OFF during 
this time. 

An important point in favor of this arrangement is that the 
gate-drive circuit losses are independent of Vm and so 
this voltage can be set anywhere within the Vds rating of 
the power MOSFETs. 

We can now consider the H-bridge with its motor winding 
load, as shown in Figure 6. The bridge is shown schemati- 
cally with its driving circuits, but the action is still as 
shown in Figure 5. For example, when V|n is high, switch 
S1 is OFF and S3 is ON, and so forth. Furthermore, the 
opposite side of the bridge is driven by the complementa- 
ry signal Vim. With V|n low, S1 and S4 will be conducting, 
and the load current Im will increase in the positive direc- 
tion (indicated by the 4-1^ arrow). Similarly, when V|n is 
high, both S2 and S3 conduct, causing Im to increase in 
the negative direction. Remember that the load is induc- 
tive, and that inductance is an energy storing element. 
Therefore, if we have some positive Im, due to S1 and S4 
being closed, and we switch to S2 and S3 closed, the 
previous value of Im will continue to flow “uphill,” so to 
speak, while decreasing. At the time of switching, this cur- 
rent ceases to flow down through sense resistor Rs 4 to 
ground and starts flowing up through Rsa and back to the 
supply. 

Switches S1 through S4 are able to conduct in either di- 
rection when in the ON state — a very neat feature of pow- 
er MOSFETs. Furthermore, their intrinsic diode protects 
the devices from reverse voltage pulses during the switch- 
ing no-overlap transition. Since we wish to control this 
current very closely in both magnitude and direction, it is 
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Figure 6. H-Bridge Configuration with Bidirectional Current Sensing 


now necessary to generate a voltage Vq that gives an ac- 
curate indication of the current Im over the full range from 
maximum positive to maximum negative. This is done by 
the circuit section of Figure 6 which includes the op-amp 
A1. 

In that circuit, the voltage Vqs is meant to offset the out- 
put Vc of A1 to some . chosen value that will correspond 
to Im = 0. The value of Vc can be written as: 

(11) Vc = Vcs + hImRs 

This offset is necessary when the design requires a single 
polarity supply, as In our case. When two supply polarities 
are available for the control circuit, one can simply make 
Vos = 0- For the single supply case, the nR and Vqs 
combination is implemented by a simple resistor divider 
from ±Vcc to ground (a Thevenin equivalent) of the re- 
quired impedance and open voltage. 

To keep the circuit losses to a minimum, we should use 
low values for the sense resistors Rss and Rs4- Yet, they 
need to be accurate and temperature-stable. In our case, 
having decided on a Vc scale of 0.5V per motor ampere, 
we have selected Rs = 0.1 H and a current sense amplifi- 
er gain n = 5. We have also set Vqs = Vcc/2 = 7.5V, 
so that we will have Vc = 7.5 + 0.5 Im- This means that 
as the current Im varies from +6A to -6A, the analog 
voltage Vc will vary from + 10.5V to +4.5V. At Im = 0, 
Vc will be equal to 7.5V. 


SETTING UP THE PWM CONTROLLER 

Having designed the power output stage (H-bridge) and 
the current-sense circuit, we can proceed to the PWM 
controller (UC3637) and Its external components. The de- 
vice itself has been described in great detail in its data 
sheet and in an application note (Publication U-102, avail- 
able from Unitrode Integrated Circuits Corporation). 

In the present design, we use the UC3637 to generate the 
two H-bridge driving signals V|n and Vin, at the device’s 
output pins 7 and 4, respectively. 

Figure 7 shows in block form the internal workings of the 
device. Since operation from a single + 1 5V supply is de- 
sired, pin 5 will be GROUND and pin 6 will be +15V. We 
selected, for the ramp oscillator, a waveform as shown in 
Figure 8, which fits well In the + 1 5V headroom given by 
our Vcc supply. The formulas given in Figure 8 show how 
the various components are calculated. 

Next, we set up the two PWM comparators by tying the 
inverting inputs (pin 10) of the A comparator, and the non- 
inverting input (pin 8) of the B comparator together and 
apply the ramp (pin 2) to this line. The remaining compar- 
ator inputs (pins 9 and 11) are next connected together to 
become the PWM input point. It can be seen from the 
block diagram of Figure 7 that as the control voltage ap- 
plied to this point varies from + 5V to +1 OV, the duty cy- 
cle of the output at pins 4 and 7 also varies. V4 and V7 
are complementary signals; and the voltage swing of each 
of these signals is from a low value between OV and 
+ 2V, and a high value between (Vqc - 2V) and Vcc* 
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Figure 7. Block Diagram of the UC3637. The two outputs can. drive power MOSFETs directly. 



Cj - 


250 X 10-6 
f(Vi - V3) 


(fd) 
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Figure 8. Setting up the ramp oscillator requires only five external components. 
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Figure 9. PWM Transconductance Amplifier UC3637 


The error amplifier is used as a source for the control sig- 
nal. But because Its output (pin 17) has a voltage range 
greater than the + 5V to + 1 0V range of the Vc ramp sig- 
nal, and we want to prevent the modulation range from 
ever reaching 0% or 100% (because of the capacitively 
coupled P-channel MOSFET devices) we add a simple re- 
sistive network consisting of three equal resistors to serve 
as an attenuator. The final result can be seen in the com- 
plete schematic of Figure 9. 

CURRENT LIMIT AND CONTROL 

The current limit feature of the UC3637 is used to protect 
the output transistors and motor from excessive current 
(6A in this case). As the block diagram of Figure 7 shows, 
the current limit comparator (pins 12 and 13) of the 
UC3637 is internally biased to a threshold of 200 mV. The 
network that connects the two sense resistors to pin 12, 
consisting of two IK and one 330n resistors, causes a 
voltage of 200 mV to appear at pin 12 when the voltage 
at either sense resistor is about IV, corresponding to a 


current of 10A. Consequently, the maximum output cur- 
rent will be limited to 1 0A. The current feedback loop is 
closed by feeding the output of the current sense amplifier 
to pin 16, the inverting input of the error amplifier of the 
UC3637. An RC time constant of 3.6 msec is used for the 
zero In this amplifier’s transfer function (equations 8, 9, 
and 1 0) which is close to the effective electrical time con- 
stant of the motor. Also, a level-shift circuit is provided by 
means of op amp A2 to permit the use of a control input 
centered at zero volts, and a control range from -6A to 
+ 6A. The circuit allows this even though the op amp is 
powered by a single positive supply. 

TEST RESULTS 

The design circuit, shown in Figure 9, was breadboarded 
for testing at Unitrode and also at Portescap. The assem- 
bly includes two amplifiers, one for each motor phase and 
a “power on” auxiliary circuit for protection of the power 
MOSFETs. The output devices are equipped with small 
sheet metal heat sinks, and runs cool at all times. 
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The circuit draws about 65 mA from the +15V supply. 
The power output section operates with a supply ranging 
from +20V to +60V, with no damage occurring if this 
voltage is lower than + 20V. 

The circuit performed very well, with excellent linearity and 
phase matching. The various plots taken, showing output 
current versus input voltage,. are quite straight, and the 
transconductance Is accurate to within 1%, except for a 
small deviation at about 3.5V, caused presumably by an 
instability due to the hurried breadboard layout. Further- 
more, the PWM frequency was subsequently increased to 
slightly above 100 KHz (by reducing Cj) and the perform- 
ance re-checked. The result was a marked increase in 
motor efficiency, due to reduced current ripple, with all 
other results remaining excellent. 


CONCLUSION 

Microstepping is a technique of considerable interest in 
the design of many products, particularly those in which 
the lower cost of open-loop positioning is an essential pa- 
rameter. A motor such as Portescap’s Model P-750, with 
its accurately sinusoidal torque curve, becomes even 
more attractive once its microstepping driver is shown to 
be fairly simple and inexpensive. The end result is not 
only precise open loop positioning, but quiet operation, 
freedom from resonance problems, and excellent electri- 
cal efficiency. Incidentally, the motor is available with two 
quadrature speed sensing colls that can be used for 
speed and position control, if desired. 


Unitrode Corporation makes no representation that the use or interconnection of the circuits described herein will not in- 
fringe on existing or future patent rights, nor do the descriptions contained herein imply the granting of licenses to make, 
use or sell equipment constructed in accordance therewith. 

© 1 987 by Unitrode Corporation. All rights reserved. This bulletin, or any part or parts thereof, must not be reproduced in 
any form without permission of the copyright owner. 

NOTE; The information presented in this bulletin is believed to be accurate and reliable. However, no responsibility is as- 
sumed by Unitrode Corporation for its use. 
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DESIGN NOTES ON PRECISION PHASE LOCKED SPEED 
CONTROL FOR DC MOTORS 


ABSTRACT 

There are a number of high volume applications for DC 
motors that require precision control of the motor’s speed. 
Phase locked loop techniques are well suited to provide 
this control by phase locking the motor to a stable and 
accurate reference frequency. In this paper, the small sig- 
nal characteristics, and several large signal effects, of 
these loops are considered. Models are given for the loop 
with design equations for determining loop bandwidth and 
stability. Both voltage and current motor drive schemes 
are addressed. The design of a loop for a three phase 
brushless motor is presented. 

PHASE LOCKING GIVES PRECISION SPEED 
CONTROL 

The precise control of motor speed is a critical function in 
today’s disc drives. Other data storage equipment, includ- 
ing 9 track tape drives, precision recording equipment, 
and optical disc systems also require motor speed control. 
As the storage density requirements increase for these 
media, so does the precision required in controlling the 
speed of the media past the read/write mechanism. One 
of the best methods for achieving speed control of a mo- 
tor is to employ a phase locked loop. 

With a phase locked loop, a motor’s speed is controlled 
by forcing it to track a reference frequency. The reference 
input to the phase locked loop can be derived from a pre- 
cision crystal controlled source, or any frequency source 
with the required stability and accuracy. A block diagram 
of the phase locked loop is shown in Figure 1 . 


REFERENCE 

OSCILLATOR 



Figure 1. Precise motor speed control is obtained by phase locking 
the motor to a precision reference frequency. 


In Figure 1, a precision crystal oscillator’s frequency is 
digitally divided down to provide a fixed reference frequen- 
cy. Alternatively, the motor could be forced to track a vari- 
able frequency source with zero frequency error. The mo- 
tor speed is sensed by either a separate speed winding 
or, particularly in the case of the DC brushless motor, a 
Hall effect device. The two signals, motor speed and ref- 
erence frequency, are inputs to a phase detector. The de- 
tector output is a voltage signal that is a function of the 
phase error between the two inputs. The transfer function 
of the phase detector, is expressed in volts/radian. A 
1 /s multiplier accounts for the conversion of frequency to 
phase, since phase is the time integral of frequency. 

Following the phase detector is the loop filter. This block 
contains the required gain and filtering to set the loop’s 
overall bandwidth and meet the necessary stability criteria. 
The output of the loop filter is the control input to the mo- 
tor drive. Depending on the type of drive used, voltage or 
current, the driver will have respectively, a Vqut/Vin 
transfer characteristic, or an Iqut/Vin transconductance. 

At first glance, it seems that the motor has simply re- 
placed the Vco (voltage controlled oscillator), in the clas- 
sic phase locked loop. In fact, it is a little more complicat- 
ed. The mechanical and electrical time constants of the 
motor come into play, making the transfer function of the 
motor more than just a voltage-in, frequency-out block. In 
order to analyze the loop’s small and large signal behav- 
ior it is essential to have an equivalent eletrical model for 
the motor. 

A SIMPLE ELECTRICAL MODEL FOR A DC 
MOTOR 

Figure 2 is an electrical representation of a DC motor. The 
terms used are defined here: 

Lm Motor winding inductance in henrys 

Rm Motor winding resistance in fls 

J Total moment of inertia of the motor in Nm-sec2 

(Note: 1 Nm = 141.6 oz-in) 

Kj Motor torque constant in Nm/Amp 

Kv Voltage constant (back EMF) of motor in voltage- 

sec/ rad 

(Note: Kv = Kj in SI units) 
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"M 

1 


MOTOR SPEED 
(RAD/SEC)- 


SPEED INDICATOR 
OUTPUT (RAD/SEC) ^ 


NODE VOLTAGE 
EQUATES TO 
MOTOR BACK EMF 


_TAGE^ T 


0018-2 

*N = Number of speed sense 
cycles per motor revolution 

Figure 2. This simple electrical model is useful for determining the 
small and large signal characteristics of the motor. 
Capacitor, Cm is used to model the mechanical energy 
storage of the motor. 


In this model the winding inductance and resistance ele- 
ments correlate directly with the corresponding physical 
parameters of the motor, with values taken directly off the 
manufacturer’s data sheet. The capacitor. Cm, models the 
mechanical energy storage of the motor. Current Into the 
capacitor equates, via motor constant Kj, to motor torque, 
and the voltage across the capacitor is equal to the motor 
back EMF. The back EMF voltage equates to motor ve- 
locity through the inverse of Ky. In the model, the term N 
is simply a multiplier equal to the number of feedback cy- 
cles obtained per revolution of the motor. For example, in 
a 4 pole brushless DC motor the commutation Hall effect 
device outputs will be at twice the rotational frequency of 
the motor, making N equal to 2. 

The equation for the capacitor, given in Figure 2, has the 
units of Farads if J and Kj are expressed in SI units. In 
modeling the overall transfer characteristic, it is important 
that the moment of Inertia of the load on the motor be 
added to the moment of inertia of the motor itself. 


It Is worthwhile to note that the current into the motor, mi- 
nus idling current, is proportional to acceleration of the 
motor. This is easily seen from the model c^y realizing that 
the time derivative of the capacitor voltage relates directly 
to acceleration. The effects of loads on the motor can be 
modeled by including a current source across the capaci- 
tor for constant torque loads, or a resistor for loads that 
are linearly proportional to motor speed. 


TRANSFER FUNCTIONS FOR VOLTAGE AND 
CURRENT DRIVEN MOTORS 

Using the electrical model, the small signal transfer func- 
tion of the motor is easily derived. Equations 1a and 1b 
give the small signal frequency response for both the cur- 
rent and voltage driven cases respectively. 

1 a) Niii^M(s) = ^x-L 
iM(s) Kv sCm 


N X a)M(s) . N 1 

vm(s) Kv 1 + sCmRm + s2 LmCm 


The transfer function given in equation (la) describes the 
small signal response of motor speed, a)M(s), to changes 
in the drive current. Equation (1 b) relates the dependence 
of motor speed to motor drive voltage. 

The small signal response of the motor for the current 
driven case has a DC pole that results from the relation- 
ship of motor torque to velocity, that Is, motor velocity is 
proportional to the integral of motor torque over time. In 
the current driven motor neither the winding resistance 
nor Inductance appear in the transfer function. This is be- 
cause these elements are in series with the current 
source output of the driver stage. As long as the output 
impedance of the driver remains large relative to the im- 
pedance of these elements, the resistance and induc- 
tance of the motor will have a negligible effect on the 
small signal response. 


The voltage driven response has a second order charac- 
teristic that results from the interaction of the series RLC. 
In many cases the transfer function of the voltage driven 
case can be simplified. If the quality factor of the series 
RLC of the motor model is much less than one, as de- 
fined in equation 2, then the response of the motor can 
be accurately approximated by equation 3. 


2) 



IUa ^ Kt ^ 
VCm Rm V J 


Qm 


If Rm 



3) For Qm < 1 

N X a)M(s) ^ ^ 1 

vm(s) Kv (1 + sCmRm) (1 + sLm/Rm) 


CONSIDERING THE WHOLE LOOP 


Figure 3 shows the complete speed control loop for the 
current driven case. The overall open loop response, 
Aqlc. Is easily written. 


4) 


Aolc(s) = 


K4> X Klf (s) X Gpp X N 
s2Cm X Kv 



0018-3 

*N = Number of feedback cycles per motor revolution 
Figure 3. In this phase locked loop, with current mode drive to the 
motor, the motor winding resistance and inductance can 
be ignored as long as the current driver maintains a high 
output impedance. 
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For this loop, note that there are two poles in the re- 
sponse at DC, i.e., s = 0. One pole is due to the response 
of the current driven motor, the second pole is from the 
frequency to phase transformation of the phase detector. 
The 180 degrees of phase shift this pair of poles intro- 
duce force a phase lead configuration of the loop filter in 
order to obtain a loop phase margin greater than zero. 


For this motor, the model capacitor. Cm, is calculated us- 
ing the equation in Figure 2 to be equal to 4.4 Farads. If 
we calculate the quality factor of the series RLC, using 
equation 2, we find it is equal to 42.4 X 10 “3. This is 
considerably less than one, and the response closely ap- 
proximates the non-complex response of equation 3 with 
poles at 0.014 Hz and 199 Hz. 


The complete voltage loop is shown In Figure 4, and its 
open loop response, Aolv(s), in equation 5. 


5) 


Aolv(s) = 


K<|, X Kf(s) X Kpp X N 
sKv X (1 + sCmRm + s2 LmCm) 



0018-4 

*N = Number of 

feedback cycles per 
motor revolution 

Figure 4. With voltage mode drive to the motor the electrical time 
constant of the motor plays a part in the small signal 
response of the speed control loop. 


This response has only one pole at DC, although the total 
number of poles is three versus two for the current driven 
case. For most motors, particularly those used in constant 
velocity applications, this transfer function can be simpli- 
fied by applying the results of equations 2 and 3. This Is 
best Illustrated by looking at an example. Consider the fol- 
lowing motor, (typical 3-phase brushless for disc drive ap- 
plications): 


Kt 

Kv 

J (including platters) 

Rm 

L-m 


.1.5 X 10-2 Nm/Amp 
1.5 X 10-2 V-sec/rad 
...IX 10-3 Nm-sec2 

2.5a 

2mH 


Typical loop bandwidths will fall well inside this range of 
frequencies. As long as this is true, the loop response 
with a voltage driven motor can be approximated by: 


6) 


Aolv(s) ~ 


K(f> X Klf(s) X Kpq/Rm X N 
s2CmKv 


If Qm < 1 and 


27rCMRM 


<f < 


27rLM 27r 


This expression is the same as the current driven re- 
sponse, equation 4, with the transconductance of the cur- 
rent drive stage, Gpo, replaced by the gain of the voltage 
drive stage divided by the motor winding resistance, 
Krd/Rm- 


CLOSING THE LOOP 

» 

When it comes to closing the loop the goal is to have a 
stable loop with the required loop bandwidth. The vari- 
ables that must be considered are: 


1) The motor 

2) The power driver, type and gain 

3) The phase detector gain 

4) Loop bandwidth 

5) The loop filter 

The first four of the above variables are usually dictated 
by conditions other than the stabilizing of the loop. This 
leaves the loop filter as the tool for achieving the small 
signal loop requirements. 

For many cases involving constant velocity loops for DC 
motor speed control, the following simple Bode analysis 
can be applied for determining the design of the loop fil- 
ter. Assuming we know, or have preliminary guesses for 
the first four variables listed above, we can plot the Bode 
asymptotes for phase and gain of the combined response 
of the motor and power driver. Figure 5 shows, for a typi- 
cal case, such a plot on a frequency scale that has been 
normalized to the desired loop bandwidth, or open loop 
unity gain frequency. This figure Illustrates the small signal 
open loop response for the current driven case, equation 
4, minus the response of the loop filter, Klf- If the previ- 
ously noted assumptions hold, this plot will also apply to 
the voltage driven case i.e., equation 6. 
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0.01 0.1 1.0 10 100 
NORMALIZED FREQUENCY - f/f^ 
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Figure 5. A Bode plot of the combined gain and phase response of 
the motor, motor drive, and phase dectector is useful in 
determining the requirements on the loop filter. This plot 
is normalized to the desired open loop unity gain 
frequency. 




From Figure 5 two restrictions on the loop filter are readily 
apparent. First, since the remaining portion of the loop 
has 180® of phase shift over the entire frequency range, 
the loop filter must have a phase lead at the unity gain 
frequency and at all frequencies below the unity gain fre- 
quency. By meeting this restriction the small signal loop 
will be unconditionally stable. 

Secondly, In order to achieve the desired loop bandwidth, 
the loop filter must have a voltage gain at the desired uni- 
ty gain frequency of 30 dB. This level is simply the inverse 
of the remaining loop’s voltage gain at the unity gain fre- 
quency. 

A loop filter configuration that will meet these restrictions 
is shown in Figure 6. Also shown in this figure is the small 
signal response equation for the filter. The response 
starts out from DC with a flat inverting gain that breaks 
upward at the zero frequency, o)z, and then flattens out 
again at the pole, cup. The pole in this response is neces- 
sary to prevent excess feedthrough of residual reference 
frequency that is present at the outputs of many digital 
type phase detectors — in fact, as will be discussed in the 
design example, a separate reference filter is normally re- 
quired. 

A good choice for the relative positioning of the pole and 
zero of the loop filter response is to space them apart by 
1 decade of frequency, and center them around the unity 
gain frequency. Figure 7 shows the Bode plots of this sug- 
gested positioning applied to the case Illustrated in Figure 
5. As shown, a phase margin of about 45® is obtained with 
this configuration. 



0.01 0.1 1.0 10 100 
NORMALIZED FREQUENCY - f/f^ 
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Figure 7. Using the criteria set forth for the design of the loop 

filter, the resulting Bode plot indicates a phase margin of 
45°. 

If the above results are acceptable, then the following 
simple steps can be applied to pick the loop amplifier 
component values. Referring to Figure 6. 
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1) Pick R3 to be as high in value as acceptable for the 
Op-Amp and board restrictions. 

2) Ri = (R3 X 3.33)/10X/20^ where X is the voltage gain, 
in dB, required at the unity gain frequency. 

3) R2 = R1/9, sets a 10:1 ratio for cop to coz- 

4) Ci = (277 X R2 X 3.33 X fjut)"'', where is the loop 
unity gain frequency. 

Using this simple procedure the small signal loop is easily 
closed for stable static operation. 


A DESIGN EXAMPLE 

As an example, let us take a look at the complete design 
of a constant velocity speed control loop for a disc drive 
application. The performance characteristics for the circuit 
can be summarized as: 


Motor speed 3600 rpm ± 60 ppm (0.006%) 

Speed stability +50 ppm 

Start-up lock time 10 seconds 

Input voltage 12 Volts 

Motor idling current 0.5 Amps 


The schematic for this design is shown In Figure 8. The 
motor Is a 4 pole 3-phase brushless with the electrical 
and mechanical specifications given in the figure. The mo- 
tor is current mode driven with the UC3620 3-phase 
Switchmode Driver. The speed control function Is realized 
with the UC3633 Phase Locked Controller. 



0018-8 

Figure 8. A precision speed control loop uses the UC3620 Switchmode 3-phase Driver and the UC3633 Phase Locked Controller to spin a DC 
brushless motor at 3600 rpm, ±60 ppm. 
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POWER DRIVER STAGE 

In Figure 9 a detail of the driver IC and the associated cir- 
cuitry is shown. The UC3620 is a current-mode, fixed off- 
tlme, chopper. Three 2-Amp totem pole output stages with 
catch diodes drive the three motor phases. The outputs 
are enabled by the internal commutation logic that re- 
sponds to the three Hall logic signals from the motor. The 
motor is equipped with open collector Hall devices making 
the three 10k pull-up resistors on the UC3620 Hall inputs 
necessary. 

Current Is controlled by chopping the lowside drive to the 
phase winding under the command of the UC3620’s cur- 
rent sense comparator. The RC combination on the timing 
pin of the driver sets the off-time at 22 jas. This results in 


a chopping frequency of well over 20 kHz under normal 
operating conditions. 

The transconductance of the driver Is set by the value of 
current sense resistor used at the emitter pin of the 
UC3620. With a value of 0.2n the transconductance from 
the error amplifier output to the driver outputs is 1 Amp/ 
Volt. The UC3620 error amplifier is configured here as a 
unity gain buffer, thus the drive control signal is applied at 
the non-inverting error amplifier Input with the same over- 
all transconductance. An internal 0.5V clamp diode at the 
current sense comparator input results in a 2.5 Amp maxi- 
mum drive current. There Is a IV offset Internal to the 
UC3620 that is reflected to the drive control input at zero 
current. This offset combines with the 0.5 Amp idling cur- 
rent level of the motor to set the steady state DC voltage 
at the driver control input to be 1 .5V. 


TO LOOP 
FILTER 
OUTPUT 



HALL LOGIC 
FROM MOTOR 


4-POLE 

3-PHASE 

BRUSHLESS 


0018-9 

Figure 9. The UC3S20 is a current mode fixed off-time driver. This device inciudes ail the drive and commutation circuitry for a three phase 
brushiess motor. The 0.2n current sense resistor and the internal divide by five sets the transconductance of this power stage to 1 
Amp/Volt. 
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AT CUT 



30K 0.47m 

0018-10 

Figure 10. Phase locking the motor to a precision reference frequency is achieved with the UC3633. The double edge sensing option on this 
device doubles the loop gain and allows twice the reference frequency to be used for a given motor RPM by forcing the phase 
detector to respond to both edges of the Hall feedback signal. 


PHASE LOCKED CONTROL CIRCUIT 

A detail of the phase locked control portion of the design 
is given in Figure 10. The UC3633 contains all of the cir- 
cuitry required for this function including: a crystal oscilla- 
tor, programmable reference dividers, a digital phase de- 
tector, and op-amps for the required filtering. The UC3633 
receives velocity feedback from the Hall signal applied at 
Its sense amplifier Input pin. The sense amplifier has a 
small amount of hysteresis that provides fast rising and 
falling input edges to the following logic. A double edge 
option is available on the UC3633 sense amplifier. When 
this option is enabled, as it is in this design, the phase de- 
tector is supplied with a short pulse on both the rising and 
falling edges of the feedback signal, effectively doubling 
the loop gain and reference frequency. 


The required reference frequency for this loop is 240 Hz, 
given by the product of the motor rotation of 3600 rpm 
(60 Hz), the number of cycles/revolution at the Hall out- 
puts (two for a 4 pole motor), and a factor of two as a 
result of the double edge sensing. The divider options on 
the UC3633 are set up such that standard microprocessor 
crystals can be used. In this instance, a 4.91520 MHz 
( ± 50 ppm) AT cut crystal is divided by 20,480 to realize a 
240 Hz reference frequency input to the phase detector. 

The phase detector on the UC3633 responds to phase 
differences at its two inputs with output pulses at the ref- 
erence frequency rate. The width of the pulses is linearly 
proportional to the magnitude of the phase error present. 
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Figure 11. The phase detector on the UC3633 is a digital circuit that responds to phase error with a puised output at the reference frequency 
rate. The width and polarity of the pulses depend respectively on the phase error magnitude and polarity. If any static frequency 
error is present, the detector will respond with a constant 0 Voit or 5 Volt signal depending on the sign of the error present. 


The pulses are always 2.5V in magnitude and are refer- 
enced to 2.5V at the detector output. The polarity of the 
output pulses tracks the polarity of the Input phase error. 
This operation is illustrated in Figure 11. The resulting 
phase gain of the detector Is 2.5V/27r radians, or about 
0.4V/rad, with a dynamic range of ± 27r radians. 

The phase detector also has the feature of absolute fre- 
quency steering. If any static frequency error exists be- 
tween the two inputs, the output of the detector will stay 
in a constant high, or low state; 5V, if the feedback input 
rate is greater than the reference frequency and OV, If the 
opposite frequency relationship exists. The lock Indicator 
output on the UC3633 provides a logic low output when 
any static error exists between the feedback and refer- 
ence frequencies. 

A unity gain bandwidth of 4 Hz was chosen for this loop. 
This unity gain frequency is well below the effective sam- 
pling frequency, the 240 Hz reference, and is sufficently 
high to not significantly affect the start-up lock time of the 
drive system. The design of the loop filter follows the 
guidelines described earlier. The magnitude of the loop 
gain, minus the loop filter, at 4 Hz is equal to: 

K4,XGpdXN _ (0.4)(1)(4) 

(27rf)2 X Cm X Kv (27r4)2(3.1 )(0.022) 

= 37.2E-3or -28.6 dB. 


This dictates that the loop amplifier has a gain of 28.6 dB 
at 4 Hz. A value for the loop amplifier feedback resistor, 
R3, of 2 Mn was chosen. The values for Ri, R2 and C-j 
were calculated as follows. 

Rl = (2E6 X 3.33)/ 1028.6/20 = 248 kfl (270 kH used). 

R2 = 270/9 = 30 kft 

Ci = (27r X 30E3 X 3.33 X 4)-l 
= 0.4 jliF (0.47 /xF used). 

The additional op-amp on the UC3633 is used to realize a 
second order active filter to attenuate the reference com- 
ponent out of the phase detector. The filter is a standard 
quadratic with a natural frequency of 17.2 Hz and a Q of 
about 2.3. This circuit provides 46 dB of attenuation at 
240 Hz while adding only 5® of phase shift at the 4 Hz 
loop crossover frequency. In Figure 12 design guidelines 
and response curves for this filter are given. 
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Reference Filter Design Aid— Gain Response 
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Figure 12. To keep feedthrough of the residual reference frequency at the phase detector output to a minimum, a simple quadratic filter can be 
used. The design of this filter is easily accomplished with the above equations and response curves. 


As mentioned earlier, a separate reference filter is re- 
quired in this type of phase locked loop to attenuate the 
reference frequency feedthrough at the output of the 
phase detector. With the active filter following the phase 
detector, the feedthrough to the loop amplifier is kept to 
less than 20mVpp under the worst case condition of 
±77(180®) phase error. This is small compared to the 
1 .25V DC signal out of the detector at this phase error. If 
the reference ripple into the loop amplifier becomes large 
compared to the averaged phase error term, large signal 
instabilities may result. These are primarily the result of 
the unidirectional nature of the motor drive. 


The static reference ripple at the motor drive input, during 
phase locked conditions, can be minimized by forcing the 
loop to lock at zero phase error — at zero phase error 
there Is no reference frequency component at the detec- 
tor output. The finite DC gain through the loop filter, dic- 
tated by the inherent second order nature of the loop, re- 
sults in a static phase error that is a function of: the DC 
level required at the motor drive input, the DC gain and 
reference voltage of the loop amplifier, and the voltage 
levels out the phase detector. The addition of resistor R4, 
see Figure 10, from the loop amplifier’s inverting input to 
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the 5V reference sets the zero phase operating voltage at 
the loop filter output to 1.5V. This matches the nominal 
operating voltage required at the UC3620 control input, 
taking into account the 0.5 Amp idling current (Df the mo- 
tor and the IV offset of the driver. This cancellation is 
subject to variations due to shifts in DC operating levels, 
so, while it does significantly reduce static reference feed- 
through, it can not be expected to reliably set exactly zero 
phase operation. 

The oscilliscope traces in Figure 13 show the Hall input to 
the UC3633 along with the output waveform of the digital 
phase detector under static phase locked conditions. No- 
tice that the phase detector output is alternating between 
positive and negative output pulses. This is a result of a 
slight asymmetry on the Hall input signal in conjunction 
with the use of the double edge sensing being used. In 


this case, the asymmetry is due to differences in the rising 
and falling edges of the Hall signal that result from the RC 
filter at the sense amplifier input. This filter is required to 
keep high frequency noise from the motor drive out of the 
phase detector. 

The startup response of the motor is pictured In Figure 
1 4. Shown are the voltage waveforms at the lock indicator 
output, the loop amplifier output, and the phase detector 
output of the UC3633. At the moment the lock indicator 
goes high the motor has reached its operating velocity. 
The absolute frequency steering of the phase detector 
forces a slight overshoot in frequency that delays the set- 
tling of the loop by about 1 second. Without the frequency 
steering feature the phase detector would command a 
much lower average drive signal during startup, extending 
the start time by over 50%. 


HALL FEEDBACK SIGNAL 
AT UC3633 INPUT ( 1 0V / DIV) 

OV 


PHASE DETECTOR OUTPUT 
(2V/DIV) 

OV 
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Figure 13. This osciiioscope trace shows the static waveforms at the 
Hail sensor input, and phase detector output of the 
UC3633. The static phase error has been adjusted, with R 4 
in Figure 10, to be very small. The alternating positive and 
negative pulses at the output of the phase detector is due 
to an asymmetry in the Hall signal. 




2 SECONDS /DIV -*■ 
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Figure 14. The startup lock time of the motor is minimized with the 
absolute frequency steering feature of the phase 
detector, keeping lock times under 10 seconds. 


Unitrode Corporation makes no representation that the use or interconnection of the circuits described herein will not In- 
fringe on existing or future patent rights, nor do the descriptions contained herein imply the granting of licenses to make, 
use or sell equipment constructed in accordance therewith. 

©1987 by Unitrode Corporation. All rights reserved. This bulletin, or any part or parts thereof, must not be reproduced in 
any form without permission of the copyright owner. 

NOTE: The information presented in this bulletin is believed to be accurate and reliable. However, no responsibility is as- 
sumed by Unitrode Corporation for its use. 
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DISCRETE SEMICONDUCTORS 


Unitrode Corporation offers a broad line of high quality, high performance, high reliability 
electronic components for an ever-increasing range of applications. Included in this 
section are product selection guides for our discrete semiconductors. For more complete 
information on these products please request a copy of the Unitrode Semiconductor 
Databook, Publication number DB-500. Applications information can be found in the 
Applications Handbook, Publication number A-200. 


Power MOSFETs, Power Transistors & Darlingtons 10-4 to 10-10 

Power Hybrids : 10-11 

Rectifiers & Rectifier Assemblies 10-12 to 10-18 

Rectifier Bridges & Modules 10-19 to 10-27 

Power Zeners & Transient Voltage Suppressors 10-28 to 10-31 

Thyristors (SCRs, PUTs) 10-32 to 10-33 

Switching & General Purpose Diodes 10-34 to 10-35 

Pin Diodes 10-36 to 10-38 

Sensistors® 10-39 

Surface Mount Devices 10-40 to 10-41 
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N-CHANNEL product selection guide 

POWER MOSFETS 



Vds 

Drain 

Source 

Voltage 

(Volts) 

f^OSloni 

On-State 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

lo Continuous 
Drain Current 
(Amps) 

loM 

Pulsed 

Drain 

Current 

(Amps) 

Pd max 
Power 
DisSP 
pation 
(Watts) 

100"C 

Case 

25^ 

Case 

200 

0.085 

2N6766* 

19.0 

30.0 

120 

150 

200 

0.085 

UFN250 

19.0 

30.0 

120 

150 

200 

0.12 

UFN252 

16.0 

25.0 

100 

150 

200 

0.18 

UFN240 

11.0 

18.0 

72 

125 

200 

0.22 

UFN242 

10.0 

16.0 

64 

125 

200 

0.4 

2N6758* 

6.0 

9.0 

36 

75 

200 

0.4 

UFN230 

6.0 

9.0 

36 

75 

200 

0.6 

UFN232 

5.0 

8.0 

32 

75 

200 

0.8 

UFN220 

3.0 

5.0 

20 

40 

200 

1.2 

UFN222 

2.5 

4.0 

16 

40 

150 

0.085 

UFN251 

19.0 

30.0 

120 

150 

150 

0.12 

2N6765 

16.0 

25.0 

100 

150 

150 

0.12 

UFN253 

16.0 

25.0 

100 

150 

150 

0.18 

UFN241 

11.0 

18.0 

72 

125 

150 

0.22 

UFN243 

10.0 

16.0 

64 

125 

150 

0.4 

UFN231 

6.0 

9.0 

36 

75 

150 

0.6 

2N6757 

5.0 

8.0 

32 

75 

150 

0.6 

UFN233 

5.0 

8.0 

32 

75 

150 

0.8 

UFN221 

3.0 

5.0 

20 

40 

150 j 

1.2 

UFN223 

2.5 

4.0 

16 

40 

100 ; 

0.055 

2N6764* 

24.0 

38.0 

152 

150 

100 : 

0.055 

UFN150 

25.0 

40.0 

160 

150 

100 , 

0.08 

UFN152 

20.0 

33.0 

132 

150 

100 j 

0.085 

UFN140 

17.0 

27.0 

108 

125 

100 i 

0.11 

UFN142 

15.0 

24.0 

96 

125 

100 

0.18 

2N6756* 

9.0 

14.0 

56 

75 

100 I 

0.18 

UFN130 

9.0 

14.0 

56 

75 

100 i 

0.25 

UFN132 

8.0 

12.0 

48 

75 

100 : 

0.3 

UFN120 

5.0 

8.0 

32 

40 

100 ; 

0.4 

UFN122 

4.0 

7.0 

28 

40 

60 

0.055 

UFN151 

25.0 

40.0 

160 

150 

60 

0.08 

2N6763 

20.0 

31.0 

124 

150 

60 ' 

0.08 

UFN153 

20.0 

33.0 

132 

150 

60 

0.085 

UFN141 

17.0 

27.0 

108 

125 

60 

0.11 

UFN143 

15.0 

24.0 

96 

125 

60 

0.18 

UFN131 

9.0 

14.0 

56 

75 

60 1 

0.25 

2N6755 

8.0 

12.0 

48 

75 

60 

0.25 

UFN133 

8.0 

12.0 

48 

75 

60 

0.3 

UFN121 

5.0 

8.0 

32 

40 

60 

0.4 

UFN123 

4.0 

7.0 

28 

40 


Vds 

Drain 

Source 

Voltage 

(Volts) 

Rosionl 
On- State 
Resist- 
ance 
(Ohms) 

Part 

Numbers 

lo Continuous 
Drain Current 
(Amps) 

loM 

Pulsed 

Drain 

Current 

(Amps) 

Pn MAX. 

Power 

Dissi- 

pation 

(Watts) 

lOO'^C 

Case 

Case 

500 

0.4 

2N6770* 

7.75 

12.0 

48 

150 

500 

0.4 

UFN450 

8.0 

13.0 

52 

150 

500 

0.5 

UFN452 

7.0 

12.0 

48 

150 

500 

0.85 

UFN440 

5.0 

8.0 

32 

125 

500 

1-1 

UFN442 

4.0 

7.0 

28 

125 

500 

1.5 

2N6762* 

3.0 

4.5 

18 

75 

500 

1.5 

UFN430 

3.0 

4.5 

18 

75 

500 

2.0 

UFN432 

3.5 

4.0 

16 

75 

500 

3.0 

UFN420 

1.5 

2.5 

10 

40 

500 

4.0 

UFN422 

1.0 

2.0 

8 

40 

450 

0.4 

UFN451 

8.0 

13.0 

52 

150 

450 

0.5 

2N6769 

7.0 

11.0 

44 

150 

450 

0.5 

UFN453 

7.0 

12.0 

48 

150 

450 

0.85 

UFN441 

5.0 

8.0 

32 

125 

450 

1.1 

UFN443 

4.0 

7.0 

28 

125 

450 

1.5 

UFN431 

3.0 

4.5 

18 

75 

450 

2.0 

2N6761 

2.5 

4.0 

16 

75 

450 

2.0 

UFN433 

2.5 

4.0 

16 

75 

450 

3.0 

UFN421 

1.5 

2.5 

10 

40 

450 

4.0 

UFN423 

1.0 

2.0 

8 

40 

400 

1 0.3 

2N6768* 

9.0 

14.0 

56 

150 

400 

0.3 

UFN350 

9.0 

15.0 

60 

150 

400 

0.4 

UFN352 

8.0 

13.0 

52 

150 

400 

0.55 

UFN340 

6.0 

10.0 

40 

125 

400 

0.8 

UFN342 

5.0 

8.0 

32 

125 

400 

1.0 

2N6760* 

3.5 

5.5 

22 

75 

400, 

1.0 

UFN330 

3.5 

5.5 

22 

' 75 

400 

1.5 

UFN332 

3.0 

4.5 

18 

75 

400 

1.8 

UFN320 

2.0 

3.0 

12 

1 40 

400 

2.5 

UFN322 

1.5 

2.5 

10 

! 40 

350 

0.3 

UFN351 

9.0 

15.0 

60 

150 

350 

0.4 

2N6767 

7.75 

12.0 

48 

150 

350 

0.4 

UFN353 

8.0 

13.0 

52 

j 150 

350 

0.55 

UFN341 

6.0 

10.0 

40 

1 125 

350 

0.8 

UFN343 

5.0 

8.0 

32 

125 

350 

1.0 

UFN331 

3.5 

5.5 

22 

75 

350 

1.5 

2N6759 

3.0 

4.5 

18 

75 

350 

1.5 

UFN333 

3.5 

4.5 

18 

75 

350 

1.8 

UFN321 

2.0 

3.0 

12 

40 

350 

2.5 

UFN323 

1.5 

2.5 

10 

40 


* Available as JAN, JANTX, and JANTXV types. 
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PRODUCT SELECTION GUIDE 


N-CHANNEL 
POWER MOSFETS 



Vos 

Drain 

Source 

Voltage 

.{Voltes 

lOSStalii; 

iiJ-nceS 

(Ohms) 

IliiSSli 

Numbers 

Id Continuous 
Dram Current 
(Amps) 

IpM 

Pulsed 

Drain 

Current 

(Amps) 

Po MAX 
Power 
Dissi- 
pation 
(Watts) 

lOO^^C 

Case 

25^C 

Case 

200 

0.4 

UFN630 

6.0 

9.0 

36 

75 

200 

0.6 , 

UFN632 

5.0 

8.0 

32 

75 

200 

0.8 

UFN620 

3.0 

5.0 

20 

40 

200 

1.2 

UFN622 

2.5 

4.0 

16 

40 

200 

1.5 

UFN610 

1.5 

2.5 

10 

20 

200 

2.4 

UFN612 

1.25 

2.0 

8 

20 

150 

0.18 

UFN641 

11.0 

18.0 

72 

125 

150 

0.22 

UFN643 

10.0 

16.0 

64 

125 

150 

0.4 

UFN631 

6.0 

9.0 

36 

75 

150 

0.6 

UFN633 

5.0 

8.0 

32 

75 

150 

0.8 

UFN621 

3.0 

5.0 

20 

40 

150 

1.2 

UFN623 

2.5 

4.0 

16 

40 

150 

1.5 

UFN611 

1.5 

2.5 

10 

20 

150 

2.4 

UFN613 

1.25 

2.0 

8 

20 

100 

0.085 

UFN540 

17.0 

27.0 

108 

125 

100 

0.11 

UFN542 

15.0 

24.0 

96 

125 

100 

0.18 

UFN530 

9.0 

14.0 

56 

75 

100 1 

0.25 

UFN532 

8.0 

12.0 

48 

75 

100 

0.3 

UFN520 

5.0 

8.0 

32 

40 

100 i 

0.4 

UFN522 

4.0 

7.0 

28 

40 

300 

0.6 

UFN510 

2.5 

4.0 

16 

20 

100 

0.8 

UFN512 

2.0 

3.5 

14 

20 

60 

0.085 

UFN541 

17.0 

27.0 

108 

125 

60 

0.11 

UFN543 

15.0 

24.0 

96 

125 

60 

0.18 

UFN531 

9.0 

14.0 

56 

75 

60 

0.25 

UFN533 

8.0 

12.0 

48 

75 

60 

0.3 

UFN521 

5.0 

8.0 

32 

40 

60 

0.4 

UFN523 

4.0 

7.0 

28 

40 

60 

0.6 

UFN511 

2.5 

4.0 

16 

20 

60 1 

0.8 

UFN513 

2.0 

3.5 

14 

20 

50 

.028 

UFNZ40 

32.0 

51.0 

160 

125 

50 

.035 

UFNZ42 

29.0 

46.0 

145 

125 

50 

.050 

UFNZ30 

19.0 

30.0 

80 

75 

50 

.070 

UFNZ32 

16.0 

25.0 

60 

75 

50 

.100 

UFNZ20 

10.0 

15.0 

60 

40 

50 

.120 

UFNZ22 

9.0 

14.0 

56 

40 


Vo$ 

Drain 

Source 

Voltage 

(Volts) 

Ro$<or»i 
On* State 

i■feSJSt^::::| 

(Ohms) 

llllafflii 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

loM 

Pulsed 

IDiWi 

iCbifent; 

(Amps) 

Pd max 

Power 

Dissi- 

pation 

(Watts) 

il'OPiS 

25°C 

:f(^se|f 

500 

0.85 

UFN840 

5.0 

8.0 

32 

125 

500 

1.1 

UFN842 

4.0 

7.0 

28 

125 

'500 

1.5 

UFN830 

3.0 

4.5 

18 

75 

500 

2.0 

UFN832 

2.5 

4.0 

16 

75 

500 

3.0 

UFN820 

1.5 

2.5 

10 

40 

500 

4.0 

UFN822 

1.0 

2.0 

8 

40 

450 

0.85 

UFN841 

5.0 

8.0 

32 

125 

450 

1.1 

UFN843 

4.0 

7.0 

28 

125 

450 

1.5 

UFN831 

3.0 

4.5 

18 

75 

450 

2.0 

UFN833 

2.5 

4.0 

16 

75 

450 

3.0 

UFN821 

1.5 

2.5 

10 

40 

450 

4.0 

UFN823 

1.0 

2.0 

8 

40 

400 

0.55 

UFN740 

6.0 

10.0 

40 

125 

400 

0.80 

UFN742 

5.0 

8.0 

32 

125 

400 

1.0 

UFN730 

3.5 

5.5 

22 

75 

400 

1.5 

UFN732 

3.0 

4.5 

18 

75 

400 

1.8 

UFN720 

2.0 

3.0 

12 

40 

400 

2.5 

UFN722 

1.5 

2.5 

10 

40 

400 

3.6 

UFN710 

1.0 

1.5 

6 

20 

400 

5.0 

UFN712 

0.8 

1.3 

5 

20 

350 

0.55 

UFN741 

6.0 

10.0 

40 

125 

350 

0.8 

UFN743 

5.0 

8.0 

32 

125 

350 

1.0 

UFN731 

3.5 

5.5 

22 

75 

350 

1.5 

UFN733 

3.0 

4.5 

18 

75 

350 

1.8 

UFN721 

2.0 

3.0 

12 

40 

350 

2.5 

UFN723 

1.5 

2.5 

10 

40 

350 

3.6 

UFN711 

1.0 

1.5 

6 

20 

350 

5.0 

UFN713 

0.8 

1.3 

5 

20 

200 

0.18 

UFN640 

11.0 

18.0 

72 

125 

200 

0.22 

UFN642 

10.0 

16.0 

64 

125 
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N-CHANNEL 
POWER MOSFETS 


PRODUCT SELECTION GUIDE 


Vds 

Dram 

Source 

Voltage 

(Volts) 

RDS(on) 

On-State 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

JoM 

Pulsed 

Drain 

Current 

(Amps) 

Pd max. 
Power 
Dissi- 
pation 
(>Vatts) 

100“C 

Case 

25"C 

Case 

500 

1.5 

UFNF430 

1.75 

2.75 

11 

25 

500 

1.5 

2N6802* 

1.5 

2.5 

11 

25 

500 

2.0 

UFNF432 

1.5 

2.25 

9 

25 

500 

3.0 

UFNF420 

1.0 

1.6 

65 

20 

500 

3.0 

2N6794 

0.95 

1.5 

6.5 

20 

500 

4.0 

UFNF422 

0.9 

1.4 

5.5 

20 

450 

1.5 

UFNF431 

1.75 

2.75 

11 

25 

450 

1.5 

2N6801 

1.5 

2.5 

11 

25 

450 

2.0 

UFNF433 

1.5 

2.25 

9 

25 

450 

3.0 

UFNF421 

1.0 

1.6 

6.5 

20 

450 

3.0 

2N6793 

0.95 

1.5 

6.5 

20 

450 

4.0 

UFNF423 

0.9 

1.4 

5.5 

20 

400 

1.0 

UFNF330 

2.0 

3.5 

14 

25 

400 

1.0 

2N6800* ' 

1.6 

3.0 

14 

25 

400 

1.5 

UFNF332 

1.6 

3.0 

12 

25 

400 

1.8 

UFNF320 

1.45 

2.5 

10 

20 

400 

1.8 

2N6792 

1.25 

2.0 

10 

20 

400 

2.5 

UFNF322 

1.2 

2.0 

8 

20 

400 

3.6 

UFNF310 

0.85 

1.35 

5.5 

15 

400 

3.6 

2N6786* 

0.80 

1.25 

5.5 

15 

400 

5.0 

UFNF312 

0.70 

1.15 

4.5 

15 

350 

1.0 

UFNF331 

2.0 

3.5 

14 

25 

350 

1.0 

2N6799 

1.6 

3.0 

14 

25 

350 

1.5 

UFNF333 

1.6 

3.0 

12 

25 

350 

1.8 

UFNF321 

1.45 

2.5 

10 

20 

350 

1.8 

2N6791 

1.25 

2.0 

10 

20 

350 

2.5 

UFNF323 

1.2 

2.0 

8 

20 

350 

3.6 

UFNF311 

0.85 

1.35 

5.5 

15 

350 

3.6 

2N6785 

0.80 

1.25 

5.5 

15 

350 

5.0 

UFNF313 

0.70 

1.15 

4.5 

15 

200 

0.4 

,2N6798* 

3.5 

5.5 

22 

25 

200 

0.4 

UFNF230 

3.5 

5.5 

22 

25 

200 

0.6 

UFNF232 

2.8 

4.5 

18 

25 

200 

0.8 

2N6790 

2.1 

3.5 

14 

20 

200 

0.8 

UFNF220 

2.1 

3.5 

14 

20 

200 

1.2 

UFNF222 

1.75 

3.0 

12 

20 

200 

1.5 

2N6784*i 

1.45 

2.25 

9 

15 

200 

1.5 

UFNF210 

1.4 

2.2 

9 

15 

200 

2.4 

UFNF212 

1.1 

1.8 

7.5 

15 

150 

0.4 

2N6797 

3.5 

5.5 

22 

25 

150 

0.4 

UFNF231 

3.5 

5.5 

22 

25 

150 

0.6 

UFNF233 

2.8 

4.5 

18 

25 

150 

0.8 

2N6789 

2.1 

3.5 

14 

20 

150 

0.8 

UFNF221 

2.1 

3.5 

14 

20 

150 

1.2 

UFNF223 

1.75 

3.0 

12 

20 

150 

1.5 

2N6783 

1.45 

2.25 

9 

15 

150 

1.5 

UFNF211 

1.4 

2.2 

9 

15 

150 

2.4 

UFNF213 

1.1 

1.8 

7.5 

15 

100 

0.18 

2N6796* 

5.0 

8.0 

32 

25 

100 

0.18 

UFNF130 

5.0 

8.0 

32 

25 

100 

0.25 

UFNF132 

4.5 

7.0 

28 

25 

100 

0.3 

2N6788 

3.5 

6.0 

24 

20 

100 

0.3 

UFNF120 

3.5 

6.0 

24 

20 

100 

0.4 

UFNF122 

3.0 

5.0 

20 

20 


TO-39 


Vd5 

Dram 

Source 

Voltage 

(Volts) 

RdSIoo) 

On-State 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

Drain 

Current 

(Amps) 

Pd MAX. 
Power 
Dissi- 
pation 
(^atts) 

lOO^C 

Case 

25X 

Case 

100 

0.6 

2N6782* 

2.25 

3.5 

14 

15 

100 

0.6 

UFNFllO 

2.25 

3.5 

14 

15 

100 

0.8 

UFNF112 

2.0 

3.0 

12 

15 

60 

0.18 

2N6795 

5.0 

8.0 

32 

25 

60 

0.18 

UFNF131 

5.0 

8.0 

32 

25 

60 

0.25 

UFNF133 

4.5 

7.0 

28 

25 

60 

0.3 

2N6787 

3.5 

6.0 

24 

20 

60 

0.3 

UFNF121 

3.5 

6.0 

24 

20 

60 

0.4 

UFNF123 

3.0 

5.0 

20 

20 

60 

0.6 

2N6781 

2.25 

3.5 

14 

15 

iiliil 

0.6 

UFNFlll 

2.25 

3.5 

14 

15 

iiilii 

0.8 

UFNF113 

2.0 

3.0 

12 

15 



DIL-4 


Vos 

Drain 

Source 

Voltage 

(Volts) 

Rosioni 

On-State 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

Idm 

Pulsed 

Drain 

Current 

(Amps) 

Pd max 
Power 
Dissi- 
pation 
(Watts) 

25^0 

Case 

200 

1 1.5 

UFND210 

0.6 

2.5 

1.0 

200 

1 0.8 

UFND220 

0.8 

6.4 

1.0 

150 

1 2.4 

UFND213 

0.45 

1.8 

1.0 

150 

i 1.2 

UFND223 

0.7 

5.6 

1.0 

100 

^ 0.3 

UFND120 

1.3 

5.2 

1.0 

100 1 

0.6 

UFNDllO 

1.0 

4.0 

1.0 

100 

2.4 

UFNDIZO 

0.5 

2.0 

1.0 

60 

0.4 

UFND123 

1.1 

4.4 

1.0 

60 

0.8 

UFND113 

0.8 

3.0 

1.0 

60 

3.2 

UFND1Z3 

0.4 

1.5 

1.0 
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NPN BIPOLAR POWER product selection guide 

SWITCHING TRANSISTORS 

.5-30A, 60-500V 



LOW VOLTAGE 


Maximum 
Collector Current 


5AMP 

40AM P 

Package Style 

TO-5 

TO-59 


TO-3 

COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 
Vceo<sus> 

40V , 






UBT430 

liiil 

UPT612 






liloil 

UPT613 

2N215P* 

2N2880* 

2N3998* 

2N3999* 

2N3749^^ 

2N3996* 

2N3997* 


lOOV : 

UPT614 

UPT615 






hpE Minimum 

30 @ lA 

40# lA 

80# lA 

40 # lA 

80 @ lA 

50 @ 20A 

Voe(sat) Max< 

1V@ 5A 

.25V @ lA (IV @ 1 A for 2N2i51) 

IV # lOA 

tf 

Maximum 

0.1ms 

(typical) 

0.3ms 

(2N2880) 

I'.Oms 

0.3ms 

(2N3749) 

1.0ms 

0.12ps 

0.8/js 

(2N3998) 

0.8m$ 

(2N3996) 


HIGH VOLTAGE 


Maximum 
Collector Current 

2 AMP 

3 AMP 

Package Style 

IIIH 

TO-66 

LLiCS 

so 5 

WSSkmi 

mmmrnmm 

rj{/5 

mmmmm 

150V 

UPT321 


UPT521 

200V 

UPT322 

2N5660* 

UPT522 

250V 

UPT323 


UPT523 

275V 




300V 

UPT324 

UPT325 

2N5661* 

UPT524 

UPT525 

350V 




400V 




lliilt 




hfe Minimum 

30# .5A 

40@.5A 

(2N5660) 

25 @ lA 

25# .5A 
(2N5661) 

Vce (sat) Max. 

iV@2A 

.4V# iA 

1V@3A 

tf 

Maximum 

0.3ms 

(typical) 

0.4ms 

(2N5660) 

0.4m'S 

(typical) 

0.6/*s 

(2N5661) 


^Available as JAN. JANTX, JANTXV. 
**Availableas JAN, JANTX. 
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NPN BIPOLAR POWER 
SWITCHING TRANSISTORS 

.5-30A, 60-500V 


. PRODUCT SELECTION GUIDE 


Q 

TO-5 


LOW VOLTAGE 


Maximum 

Collector 

Current 

10 AMP 


TO«5 

so s 

UJ> O 

- 

Oi/i 

70V 

2N4150* 









Hov 


hfE Mmtmum 


Vfie (sat) Max. 


Maximum 

0,5/iS 



HIGH VOLTAGE 


Maximum 

Collector 

Current 


l>8ckage Style 



tt; 

yj> 3 
0:0 - 
02 S 

bi::? 

og 

l&DV 





UPT721 

200V 

2N5666* 


2N5664* 


UPT722 

250V 





UPT723 

275V 






300V 


2N5667* 


2N5665* 

UPT724 

UPT725 

350V 






400V 






450V 






Iife Minimum 

40 # lA 

25@1A 

40(S>1A 

®(3>1A 

25@ lA 

Vc6 (sat) Max 


1 I 

0.4V m 3A i 


1V@3A 

tf 

Maximum 

0.8//S 

ill 

l.OjwS 

0.8/75 

1.0//S 

0.5/7$ 

(typical) 


♦Available as JAN, JANTX, JANTXV. 
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NPN BIPOLAR POWER 
SWITCHING TRANSISTORS 

.5-30A, 60-500V 


PRODUCT SELECTION GUIDE 



LOW VOLTAGE 


Maximum 

Collector 

Current 

10 AMP 

15 AMP 

Package Style 


iilHRlii 

TO-3 

fY' 

go 

mmmim 

UJ > 5 

wmmm- 

wmm&mm: 

ispii 

IliiiiB 

mmSm 

70V . 




BIB 





2N5658 

2N5659 


90V 







2N6496 

120V 




hPE Minimum 


12@8A 

Vce (sat) Max. 


l.OV <§) 8A 

Maximum 


0.6/crs 


^Available as JAN, JANTX, JANTXV. 
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POWER DARLINGTONS 


PRODUCT SELECTION GUIDE 



Maximum 
Collector Current 


.. ... 

Package Style 


TO-66 (3-Pin) 

IHHiiiWli 

TO-66 (3-Pln) 

COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 

VcEO (SUS) 

iliiili 

U2T301 


U2T401 











2N6350* 

U2T101 


2N6352* 

U2T201 


150V 


U2T305 


U2T405 


2N6351* 

U2T105 


2N6353* 

U2T205 

hpE Minimum 

1000 @ 2A 

1000 @2A 

2000 @ 5A 

1000 @ 5A 

2000 @ 5A 

1000 @ 5A 

VcE(sat) Maximum 

1.5V @2A 

2.5V @ 2A 

1.5V @2A 

2.5V @ 2A 

1.5V @ 5A 

2-5V@5A 

1.5V @5A 

2.5V @ 5A 

tf Typical 


0,5/iS 


♦Available as JAN, JANTX, and JANTVX types 



Plastic Package types with integral 
bias resistance and shunt diode 
for maximum economy in standard 
applications 


Plastic NPN Power Darlingtons 


0 

TO-92 

ilHilHi 

Maximum 
Collector Current 

5A (PEAK) 

Package Style 

TO-S2 

COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 

VcEO (SUSJ 

60V 

NPN 

U2TA506 

80V 

U2TA508 

lOOV 

U2TA510 

hpE Minimum 


VcE (sat) Maximum 

1.5V (5) 3A 

tf Typical 

0.8/iS 
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POWER HYBRIDS 


PRODUCT SELECTION GUIDE 



Type 

Output 
Current, Pk. 

Input/Output 

Voltage 

Polarity 

Fall Time 

On^State 

iiliipWgi;® 

(V) @ (A) 

Pkg, 

Volt 

Cur. 

(ns) 

PIC600 


60 

Pos. 





PIC601 


80 

Pos. 




4 PIN 

PI 0602 

5A 

100 

Pos. 

75 

150 

1.5@2 

TO-66 

PIC610 


60 

Neg. 




(Isolated) 

ptcen 


80 

Neg. 





PfC612 


100 

Neg. 





PIC660 


60 

Pos. 





PIC661 


80 

Pos. 

150 

250 


4 PIN 

PIC662 

lOA 

100 

Pos. 



1.5 @ 5 

TO-66 

P1C670 


60 

Neg. 




(Isolated) 

PIC671 


80 

Neg. 

250 

250 



PIC672 


100 

Neg. 







60 

Pos. 





PIC626 


80 

Pos. 

175 

300 


4 PIN 

PIC627 

15A 

100 

Pos. 




TO-66 

PIC635 


60 

Neg. 



1.5@7 

(Isolated) 

PIC636 


80 

Neg. 

300 

300 





100 

Neg. 







60 

Pos. 





PIC646 


80 

Pos. 

150 

300 



PIC647 

20A 

100 

Pos. 



1.5(®7 

SPIN 

PIC665 


60 

Neg. 




TO-3 

PIC656.^^ , 


80 

Neg. 

300 

300 





100 

Neg. 






HI-REL PICS 

Unitrode offers as standard parts, high reliability versions of the PIC600 series power hybrid circuit screened to Unitrode specifications 


ULlOl/102. Listed below is a part number cross reference. 


Basic Device 

specification 

Test Level 

Test Level 

PIC600-602 

ULlOl 

PIC7501-7503 

PIC7519-7521 

PIC610-612 

ULlOl 

PIC7504-7506 

PIC7522-7524 

PIC625-627 

ULlOl 

PIC7507-7509 

PIC7525-7527 

PIC635-637 

ULlOl 

PIC7510-7512 

PIC7528-7530 

PIC645-647 

UL102 

PIC7513-7515 

PIC7531-7533 

PIC655-657 

UL102 

PIC7516-7518 

PIC7534-7536 

P1C660-661 

ULlOl 

PIC7555-7557 

PIC7561-7563 

PIC670-672 

ULlOl 

PIC7558-7560 

PIC7564-7566 


Each PIC75XX device is 100% screened to the following requirements per specification ULlOl/102. 


ULlOl/102 SCREENING TABLE 

1. Hermetic Seal Test — Fine Leak 

2. Hermetic Seal Test — Gross Leak 

3. High Temperature Storage 

4. Temperature Cycling 

5. Reverse Bias Clamped Inductive Test 

6. High Temperature Reverse Bias 

7. Power Burn-In 


Test level T1 provides "attributes” data (GO/NO-GO testing after 
high temperature reverse bias and power burn-in) with shipment. 

Test level T2 provides "variables" data (read and record data with 
delta criteria before and after high temperature reverse bias and 
power burn-in) with shipment. 

A Group A sample test of mechanical, electrical and switching 
speed specifications is performed on each lot. 

A Certificate of Compliance is provided with each shipment. 
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SCHOTTKY RECTIFIERS 


PRODUCT SELECTION GUIDE 



imHilii 

DC OUTPUT 

liliiillli 


lA 

4A 


SA 

. < 

mmmtimrn 

12A 

IlillllllS 

PEAK \ 

REVERSE \ 
VOLTAGE \ 

Similar to 

lllilllllll 

lllllliHIII 

Simitar to 

ji||i||l||| 

(ASA) 

TO>39 

HERMETIC 

(3 LEAD) 

TO-220 

PLASTIC 

IIIIIHill 

lllllHiiii 

PLASTIC 

10 220 
PLASTIC 

jllllllllll 

TO-220 

PLASTIC 

<2 LEAD) 

TYPE 

20V Vf 

1N5817 
.45 @ lA 
25A 

USD1120 
.45 @ lA 
50A 


USD620 
.48 @ 6A 
150A 

USD720 
.48 @ 8A 
200A 

USD620C 
.60 @ 12A 
150A 

USD820 
.51 @ 12A 

200A 

TYPE 
30V Vf 

Ifsm 

1N5818 
.55 @ lA 
25A 

USD1130 
.475 @ lA 
50A 






TYPE 

36V Vf 

Jfsm 




USD635 
.48 @ 6A 
150 A 

USD735 
.48 @ 8A 
200A 

USD635C 
.60 @ 12A 
150 A 

USD835 
.51 @ 12A 

200A 

o 

< 

1N5819 
.60 @ lA 
25A 

USD1140 
.50 @ lA 
50A 


USD640 
.48 @ 6A 
150 A 

USD740 
.48 (5) 8A 
200A 

USD640C 
.60 @ 12A 
150 A 

USD840 
.45 (5) 12A 

200A 

TYPE 

45V 

Vf 

lllllilllilllBilll 



USD245/R 
USD245C/R 
.45 @ 2A 
80A 

USD645 
.48 @ 6A 
150A 

USD745 
.48 @ 8A 
200A 

USD645C 
.60 @ 12A 
150 A 

USD845 
.45 @ 12A 

200A 


AVERAGE 

DC OUTPUT 
CURRENT 

16 a“ 

16A 

16A 

lllilllllll 

30A 


30A^ 


V PKG 

lilllfco 

llllifco 

TO-247 

■ililrtlA 



TO-3 

PEAK 

\ 

PLASTIC 

PUSTIC 


STUD 




REVERSE 









VOLTAGE 

\ 

IIBJIad) 

■lllliAC)) 

(2 LEAD) 


IIIIIIad) 

■iIIIIad) 



TYPE 

USD720C 

USD920 





USD320C® 

20V 

Vf 

.60 @ 16A 

.53 @ 16A 





.6 @ 20A 


Ifsm 

200A 

250A 





400A 


TYPE 



USD1630S 


USD3030S 

USD3030C 


30V 

Vf 



.49 @ 16A 


.60 @ 30A 

.65 @ 30A 



Ifsm 



250A 


500A 

300A 



TYPE 

USD735C 

USD935 





USD335C® 

35V 

Vf 

.60 @ 16A 

.53 @ 16A 





.6 @ 20A 


)fsm 

200A 

250A 





400A 


TYPE 

USD740C 

USD940 

USD1640S 


USD3040S 

USD3040C 


40V 

Vf ! 

.60 @ 16A 

.53 (3) 16A 

.49 @ 16A 


.60 @ 30A 

.65 @ 30A 



Ifsm 

200A 

250A 

250A 


500A 

300A 



TYPE 





SD41P 

SD241P 

USD345C® 

45V 


USD745C 

USD945 

USD1645S 

1N6391® 

USD3045S 

USD3045C 

SD241® 


Vf 

.60 @ 16A 

.53 @ 16A 

.49 @ 16A 

.68 @ 50A 

.60 @ 30A 

.65 @ 30A 

.6 @ 20A 


Ifsm 

200A 

250A 

250A 

600A 

500A 

300A 

400A 


NOTES: 1. Center-tap 6A per leg. 5. Available as JAN, JANTX, JANTXV. 

2. Center-tap 8A per leg. 6. Available with High-Reliability (HR) Screening. 

3. Center-tap 15A per leg. . 7. Center-tap 23A per leg. 

4. Vrrm @ 25°C is 45V, Vrrm @ 150°C is 35V. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


10-12 


PRINTED IN U.S.A. 





SCHOTTKY RECTIFIERS 


PRODUCT SELECTION GUIDE 



AVERAGE 

DC OUTPUT 
CURRENT 

llilllliig 

45A^ 

50A 

60A 

Illllillill 


2G0A 


V 

iiOTiSSii 


DO-5 

DO-5 

DO-5 


POWER 

PEAK 

iSlPiis 


'iiiiiililiP 

STUD 

DO 5F 

iiiiliilsiiii 

STUD 

BLOCK 

REVERSE 

iiiSlii 




STUD 

'msMSsm 


IVI2 

VOLTAGE 

liliw 

<2 LEAD) 

(3 LEAD) 












USD520 

USD7520 


20V 

Vf 





.6 @ 60A 

.425 @ 60A 



Ifilliii 





lOOOA 

lOOOA 



TYPE 






USD7525 


25 

Vf 






.425 @ 60A 



Ifsm 






lOOOA 



TYPE 

USD4530S 

USD4530C 

1N6097 





3av 

Vf 

.60 @ 45A 

.60 @ 45A 

.86 @ 157A 






^FSM 

500A 

500A 

800A 






iiiilil 





USD535 



35V 

Vf 





.6 @ 60A 




IfSM 





lOOOA 




TYPE 

USD4540C 

USD4540C 

1N6098 




USM20040C 

40V 

Vf 

.60 @ 45A 

.60 @ 45A 

.86 @ 157A 




.745 @ 200A 


Ifsm 

500A 

500A 

800A 




2000A 


TYPE 




1N6392^ 






USD4545S 

USD4545C 


SDSl"* 

USD545 


USM20045C 

45V 

Vf 

.60 @ 45A 

.60 @ 45A 


.6 @ 60A 

.6 @ 60A 


.745 @ 200A 


Ifsm 

500A 

500A 


800A 

lOOOA 


2000A 


TYPE 





USD550 


USM20050C 

50V 

Vf 





.6 @ 60A 


.745 @ 200A 


Ifsjvi 





lOOOA 


2000A 


NOTES: 1. Center-tap 6A per leg. 

2. Center-tap 8A per leg. 

3. Center-tap 15A per leg. 

4. Vrrm @ 25°C is 45V, Vrrm @ 150°C.is 35V. 


5. Available as JAN, JANTX, JANTXV. 

6. Available with High-Reliability (HR) Screening. 

7. Center-tap 23A per leg. 
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RECTIFIERS 


PRODUCT SELECTION GUIDE 



§ 


B 




TO-247 


ULTRA-FAST RECOVERY (trr - 25 to 50ns) 


Average D.C. 
Output 

Current 

lA 

2A 

2.5A 

5A 

II 6A 

III ^ 


HI 

16A 

Center-Tap 

Package 

Style 

A 

IIIIIIB 

A 

B 

II ® 

TO-220AC 

T0-220AC 

il|ro-247 

TO-220A8 

1 

5 

0 
> 

1 

1 

50 V 

Vf 

WU 

UESlOOl 
.895 @ lA 
25ns 


1N5802* 
UESllOl 
.895 (5) 2A 
25ns 


1N5807* 
UES1301 
.850 @ 6A 
30ns 

UES1401 
.895 @ 8A 
35ns 

UES1501 
.895 @ 16A 
35ns 

UES1605S 
.84 @ 16A 
35ns 

UES2401 
.895 @ 8A 
35ns 

75V 

Vf 

trr 



1N5803 
.895 @ lA 
25ns 


1N5808 
.850 @ 6A 
30ns 





lOOV 

Vf 

trr 

UES1002 
.895 @ lA 
25ns 


1N5804* 
UES1102 
.895 @ 2A 
25ns 


1N5809* 
UES1302 
.850 @ 6A 
30ns 

UES1402 
.895 @ 8A 
35ns 

UES1502 
.895 @ 16A 
35ns 

UES1610S 
.84 @ 16A 
35ns 

UES2402 
.895 @ 8A 
35ns 

125V 

Vf 

trr 



1N5805 
.895 @ lA 
25ns 


1N5810 
.850 @ 6A 
30ns 





150V 

Vf 

trr 

UES1003 
.895 @ lA 
25ns 


1N5806* 
UES1103 
.895 (5) 2A 
25ns 


1N5811* 
UES1303 
.850 @ 6A 
30ns 

UES1403 
.895 @ 8A 
35ns 

UES1503 
.895 @ 16A 
35ns 

UES1615S 
.84 @ 16A 
35ns 

UES2403 
.895 @ 8A 
35ns 

200V 

Vf 

trr 


UES1104^ 
1.15 @ lA 
50ns 


UES1304^ 
1.15 (5) 3A 
50ns 


UES1404 
.895 @ 8A 
35ns 

UES1504 
.895 @ 16A 
35ns 

UES1620S 
.84 @ 16A 
35ns 

UES2404 
.895 @ 8A 
35ns 

300V 

Vf 

trr 


UESllOS^ 
1.15 @ lA 
50ns 


UES1305' 
1.15 @ 3A 
50ns 






400V 

Vf 

trr 


UESllOe"' 
1.15 @ lA 
50ns 


UES1306^ 
1.15 @ 3A 
50ns 







* Available as JAN, JANTX, JANTXV. 

1. Available with High Reliability (HR) Screening. 
See individual datasheets. 
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RECTIFIERS 


PRODUCT SELECTION GUIDE 





ULTRA-FAST RECOVERY (trr - 25 to 50ns) 


Average D.C, 
Output 

Current 

illlfg 

iiliiii 

30A 

iilSili 

Center-Tap 

30A 

Center-Tap 


45A 

Center-Tap 

50A 

BOA 

Package 


iSiilll 

SiSSSi 

iiiiiili 

TO-3 


T0.247 

DO-5 

DO-5 

Peak Inverse Voltage 

50V 

Vf 

trr 


1N5812* 
UES701 
.825 @ 25A 
35ns 

UES3005S 
.95 @ 30A 
35ns 

UES3005C 
.95 @ 30A 
35ns 

UES2601^ 
.825 @ 15A 
35ns 

UES4505S 
.90 @ 45A 
50ns 

UES4505C 
.90 @ 45A 
50ns 


1N6304* 
UES801 
.84 @ 70A 
50ns 

75V 

Vf 

trr 


1N5813 
.825 @ 25A 
35ns 








lOOV 

Vf 

trr 


1N5814* 
UES702 
.825 @ 25A 
35ns 

UES3010S 
.95 @ 30A 
35ns 

UES3010C 
.95 @ 30A 
35ns 

UES2602^ 
.825 @ 15A 
35ns 

UES4510S 
.90 @ 45A 
35ns 

UES4510C 
.90 @ 45A 
50ns 


1N6305* 
UES802 
.84 @ 70A 
50ns 

125V 

Vf 

trr 


1N5815 
.825 @ 25A 
35ns 








150V 

Vf 

trr 


1N5816* 
UES703 
.825 @ 25A 
35ns 

UES3015S 
.95 @ 30A 
35ns 

UES3015C 
.95 @ 30A 
35ns 

UES2603^ 
.825 @ 15A 
35ns 

UES4515S 
.90 @ 45A 
50ns 

UES4515C 
.90 @ 45A 
50ns 


1N6306* 
UES803 
.84 @ 70A 
50ns 

200V 

Vf 

trr 

UES704^ 
1.15 @ 20A 
50ns 




UES2604^ 
1.15 @ 15A 
50ns 



UES804^ 
1.15 @ 50A 
50ns 1 


300V 

Vf 

trr 

UES705^ 
1.15 (5) 20A 
50ns 




UES2605^ 
1.15 @ 15AI 
50ns 



UES805^ 
1.15 @ 50A| 
50ns 


400V 

Vf 

trr 

UES706^ 
1.15 @ 20A 
50ns 




UES2606^ 
1.15 @ 15A 
50ns 



UES806^ 
1.15 @ 50A 
50ns 



* Available as JAN, JANTX, JANTXV. 

1. Available with High Reliability (HR) Screening. 
See individual datasheets. 
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RECTIFIERS 


PRODUCT SELECTION GUIDE 



SUPER-FAST RECOVERY (t„ - 75 to 100ns) 


Average D,C. 

Output Current 

iiliiiii 


2A 

3A 

4A 




A 


B 





UTX105 

UTX205 

SES5001 

UTX3105 

UTX4105 


50V 

Vp 

1.00@.5A 

1.0V@ lA 

.975 @ lA 

1V@2A 

1V@3A 



trr 

75ns 

75 ns 

lOOns 

100ns 

100ns 




UTXllO 

UTX210 

SES5002 

UTX3110 

UTX4110 


lOOV 

Vf 

1.0V@.5A 

l.OV @ lA 

.975 @ lA 

1.0V@2A 

1.0V@3A 

1 


trr 

75ns 

75ns 

100ns 

lObhs 

100ns 




UTX115 

UTX215 

SES5003 

UTX3115 

UTX4115 


150V 

Vf 

1.00@.5A 

1.0V@ lA 

.975 @ lA 

1.0V@2A 

1.0V@3A 

> 

■ c, 


trr 

75ns 

75 ns 

100ns 

100ns 

100ns 

>X- 



UTX120 

UTX220 


UTX3120 

UTX4120 

1 

200V 

Vf 

1.00 @ lA 

1.0V@ lA 


1.0V@2A 

1.0V@3A 



trr 

75ns 

75ns 


100ns 

100ns 




UTX125 

UTX225 





250V 

Vf 

1.00@.5A 

1.0V@ lA 






trr 

75ns 

75ns 





Average D.C. 
Output Current 

5A 

8A 

16A 

Certter*Tap 

16A 

20A 

Center-Tap 

60A 

Package Style 


T0220AB 

T022QAC 

T0-220AC 

D04 


DO-5 

Peak Inverse Voltage 

50V 

Vf 

SES5301 
.975 @ 5A 
lOOns 

SES5401 
1.025 @ 8A 
100ns 

SES5401C 
1.025 @ 8A 
100ns 

SES5501 
1.025 @ 16 A 
100ns 

SES5701 
.83 @ 20A 
100ns 

SES5601C 
.83 @ 12.5A 
100ns 

SES5801 
.85 @ 60A 
100ns 

lOOV 

trr 

SES5302 
.975 @ 5A 
100ns 

SES5402 
1.025 @ 8A 
100ns 

SES5402C 
1.025 @ 8A 
100ns 

SES5502 
1.025 @ 16A 
100ns 

SES5702 
.83 @ 20A 
100ns 

SES5602C 
.83 @ 12.5A 
100ns 

SES5802 
.85 @ 60A 
100ns 

i50V 

Vf 

trr 

SES5303 
.975 @ 5A 
100ns 

SES5403 
1.025 @ 8A 
100ns 

SES5403C 
1.025 @ 8A 
100ns 

SES5503 
1.02 @ 16A 
100ns 

SES5703 
.83 @ 20A 
100ns 

SES5603C 
.83 @ 12.5A 
100ns 

SES5803 
.85 @ 60A 
100 ns 

200V 



SES5404 
1.025 @ 8A 
100ns 

SES5404C 
1.025 @ 8A 
100ns 

SES5504 
1.02 @ 16A 
100ns 
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RECTIFIERS 


PRODUCT SELECTION GUIDE 



FAST RECOVERY (t„ - 150 to 500ns) 


Average D.C* 

Output Current 

lA 

lA 

2A 

3A 

3A 

4A 

6-9A 

Package Style 

IBIMil 

A 

A 


B 

IIBIBB 

C 




UTROl 


UTR02 

UTR3305 

1N5415* 

UTR4305 

UTR4405’ 










UTR5405’ 










UTR6405’ 


50V 

Vp 

1.1V(S.5A 


1.1V@ lA 

1.1V(® 3A 

1.5V (a 9A 

l.lV(a4A 

I.IV @ 6A 



trr 

250ns 


250ns 

250ns 

150 ns 

250ns 

300ns 




UTRll 


UTR12 

UTR3310 

1N5416* 

UTR4310 

UTR4410’ 








1N5186** 


UTR5410' 










UTR6410’ 


lOOV 

Vf 

1.1V(S.5A 


l.lV(a lA 

l.lV(a3A 

1.5V (SOA 

l.lV(a4A 

l.iv @ 6A 



trr 

250ns 


250ns 

250ns 

150ns 

250ns 

300ns 




UTR21 

1N4942* 

UTR22 

UTR3320 

1N5417* 

UTR4320 

UTR4420’ 





1N5615* 



1N5187** 


UTR5420] 

§ 









UTR6420’ 

a> 

200V 

■i/F 

l.lV(a .5A 

1.3V (S lA 

1.1V@ lA 

l.lV(a3A 

1.5V @9A 

1.1V@4A 

l.iv @ 6A 

S2 


— 

250ns 

150ns 

250ns 

250ns 

150ns 

250ns 

400ns 

> 

c 



UTR31 


UTR32 






300V 

#F 

1.1V(S .5A 


l.lV(a lA 





1 



1 300ns 


300ns 








UTR41 

1N4944* 

UTR42 

UTR3340 

1N5418* 

UTR4340 

UTR4440’ 





1N5617* 



1N5188** 


UTR5440' 










UTR6440’ 



fc- 

1.1V@ .5A 

1.3V @ lA 

l.lV(a lA 

1.1V(S3A 

1.5V (a 9A 

l.lV(a4A 

l.iv @ 6A 



trr 

350ns 

150ns 

350ns 

300ns 

150ns 

400ns 

500ns 




UTR51 


UTR52 

UTR3350 

1N5419* 

UTR4350 



500V 


1.1V(S .5A 


1.1V@ lA 

1.1V(@3A 

1.5V (a 9A 

l.lV(a4A 





400ns 


400ns 

350ns 

250ns 

400ns 





UTR61 

1N4946* 

UTR62 

UTR3360 

1N5420* 

UTR4360 






1N5619* 



1N5190** 




600V 

Vf 

I.IVC® .5A 

1.3V @ lA 

1.1V(S lA 

1.1V@3A 

1.5V @9A 

l.lV(a4A 




trr 

400ns 

250ns 

400ns 

400ns 

400ns 

400ns 



* Available as JAN, JANTX, JANTXV. 

** Available as JAN, JANTX. 

1. Available with High Reliability (HR) Screening. 
See individual datasheets. 


BI SYNCHRONOUS RECTIFIER 


Continuous 
Forward Current 

20A 

40A 

Package Style 

TO-220AB 

TO-3 

Forward 

Blocking 

Voltage, VcEs 

50V 

UBS421 

50V 

UBS430 

hpE 

80 

50 

Rce(on) 

14mQ Typical 

7mQ Typical 

VcE(SAT) 

.95V Typical 

1.2V Typical 
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RECTIFIERS 


PRODUCT SELECTION GUIDE 


A 


B 



STANDARD RECOVERY 


Average D-C. 
Output Current 


illllll 

3A 

4A 

IIIBa 

llllill 

12A 

Package Style 


A 


B 


lllillli 

C 

— 

50V 

UR105t 

UR205 

UT3005 

UT4005 

UT5105‘' 

UT6105^ 

UT8105'' 


lOOV 

UT236 

UTllOt 

UT261 

UT210t 

UT3010 

UT4010 

UT5110^ 

UT6110^ 

UT8110^ 


150V 

UR115t 

UR215t 






1 

200V 

UT234 

UR120t 

1N4245* 

1N5614* 

UT262 

UR220t 

1N3611** 

UT3020 

UT4020 

1N5550* 

UT5120^ 

UT6120^ 

UT8120^ 

> 

250V 

UR125t 

UR225t 






£ 

1 

400V 

UT235 

1N4246* 

1N5616* 

UT264 

1N3612** 

UT3040 

UT4040 

1N5551* 

UT5140^ 

UT6140^' 

UT8140^ 

1 

600V 

llllllllll 

UT238 

1N4247* 

1N5618* 

UT267 

1N3613** 

UT3060 

UT4060 

1N5552* 

UT5160^ 

UT 6 I 60 ’ 

UT8160^ 


800V 

UT361 j 

1N4248* 
1N5620* 

UT268 

1N3614** 


1N5553* 




liilllBli 

lOOOV 

UT347 

1N4249* 

UT364 







* Available as JAN, JANTX, JANTXV. 

** Avalable as JAN, JANTX. 
t Radiation Tolerant 

1. Available with High Reliability (HR) Screening. 
See individual datasheets. 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



STANDARD RECOVERY 


Peak 

Inverse 

Voltage 

AVERAGE D.C. OUTPUT CURRENT | 

WSsSSi 

.50- 

■IllSlIi 

J5- 

illliliil 

1- 

1.5A 

2.5- 

5A 

WmBiM 

6- 

7A 

LOkV 








L2kV 




US12 

SA 




1.5kV 



US15 

SA 







US18 

SA 






2.0kV 


US20 

SA 






2.5kV 


US25 

SB 


USB2.5 

DH 

UDB2.5 

DD 

UDE2.5 

DD 

UGE2.5 

DG 

3.0kV 


US30 

SB 






3.5kV 

US35 

SC 







4,0kV 

US40 

SC 







4.5kV 

US45A 

SD 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



Peak 

Inverse 

Voltage 

AVERAGE D.C- OUTPUT CURRENT | 

.100- 

illlilili 

llliilll 

lillBlI 

11.75- 

lA 

llillllll 

lllllll 

lllliili 

illBlII 

2- 

2,5A 

llBlii 

llliilll 

bhih 

llillllll 

j||S|||| 

5- 

6A 

S.OkV 


US50A 

SD 

USB5 

DH 

USS5 

DH 



UDA5 

DD 

UDB5 

DD 

IN 5600* 

DE 




UDE5 

DG 

UGB5 

DD 

UGE5 

DG 

1N5603* 

DF 

e.okv 


US60A 

SD 



KXS60 

SM 







7.0kV 


US70A 

SD 










7.5kV 


USS7.5 

DH 

USB7.5 

DH 


UDA7.5 

DD 

UDB7.5 

DD 



UGB7.5 

DG 

UGE7.5 

DG 



a.OkV 

US80A 

SE 











iOkV 

USIOOA 

SE 

USBIO 

DH 

USSIO 

DH 

688-10 

BE 

UDAIO 

DD 

1N5597* 

DE 



UGBIO 

DG 





12kV 

US120A 

SE 

688-12 

BE 










12.5kV 













"'Available as JAN 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



STANDARD RECOVERY 


Peak 

AVERAGE D.C. OUTPUT CURRENT j 

inverse 

.100- 

.250- 

.50- 

Voltage 

.250A 

.50A 

J5A 

15kV . 

US150A 

688-15 

UDA15 


SF 

BE 

DD 


USS15 




DH 



17.5kV 




18KV 

US180A 

688-18 



SF 

BE 


20KV 

US200A 

688-20 



SF 

BE 


22.5kV 




25kV 

688-25 • 




BE 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



FAST RECOVERY 


Peak 

Inverse 

Voltage 

AVERAGE D.C. OUTPUT CURRENT | 

.100^ 

.250A 

.250- 

.50A 

.50- 

.75A 

J5- 

1.5A 

2- 

2.5A 

4- 

6A 

LOkV 







i.2kV 




USR12 

SA 



L5kV 



USR15 

SA 




1.8kV 



USR18 

SA 




2.0kV 



USR20 

SB 




2.5kV 


USR25 

SB 


UFB2.5 

DH 

UDD2.5 

DD 

UDF2.5 

DD 

UGF2.5 

DG 

3.0kV 


USR30 

SC 





3.5kV 


USR35 

SC 





4.0kV 


USR40A 

SD 





4.5kV 

USR45A 

SD 






Reverse 

Recovery 

Time 

(Max.) 

500ns 

250ns* 

500ns 

250nst 

500ns 

250ns* 

500ns 
250ns* 1 

500ns 

250ns* 

150nst 

500ns 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



FAST RECOVERY 


Peak 
Inverse 
... Voltage.. 

AVERAGE D.C. OUTPUT CURRENT 1 

.100- 

.250A 

.250- 

.50A 

.50- 

.75A 

.75 

lA 

1- 

1.5A 

1.5- 

2A 

2- 

2.5A 

2.5- ' 

4A 

5.0kV 

USR50A 

SD 

UFS5 

DH 

UFB5 

DH 


UDC5 

DD 

UDD5 

DD 



UDF5 

DD 

UGD5 

DG 

UGF5 

DG 

emv 

USR60A 

SD 








y.okv 

USR70A 

SE 








7.5kV 


UFB7.5 

DH 

UFS7.5 

DH 


UDC7.5 

DD 

UDD7.5 

DD 



UGD7.5 

DG 

UGF7.5 

DG 


a.okv 

USR80A 

SE 








lOkV 

USRIOOA 

SE 

UFSIO 

DH 

UDCIO 

DD 

688-lOR 

BE 



UGDIO 

DG 



12kV 

USR120A 

SF 

688-12R 

BE 







12.5kV 









Reverse 

Recovery 

Time 

(Max.) 

SOOns 

500ns 

500ns 

500ns 

500n$ 

500ns 

500 n$ 

rn 
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RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



FAST RECOVERY 


Peak 

Inverse 

AVERAGE P.C. OUTPUT CURRENT | 

.100- 

.250A 

.250- 

.75A 

15kV 

USR150A 

SF 

UDC15 

DD 

688- 15R 

BE 

17.5kV 



i8kV 

USR180A 

SF 

688-18R 

BE 

20kV 

688-20R 

BE 


22.5KV 



25kV 

688-25R 

BE 


Reverse 

Recovery 

Time 

(Max.) 

500ns 

500ns 

150ns 
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RECTIFIER BRIDGES 

Single Phase Full- Wave Bridges 


FAST RECOVERY 



PRODUCT SELECTION GUIDE 


MA, MB, MC, MD 



AVERAGE D.C, OUTPUT CURRENT 


Voltage . 

Per Leg 

50V 

.25^,75A 

> 

1.5-2. 5A 

4-lOA 

10- 

803-1 

MB 

25-35A 

802-1 

MA 

lOOV 


676-1 

G or S 

698-1 

GA 

684-1 

NA 

683-1 

NB 

803-2 

MB 

802-2 

MA 

125V 






803-3 

MB 

802-3 

MA 

150V 






803-4 

MB 

802-4 

MA 

200V 


676-2 

G or S 

698-2 

GA 

684-2 

NA 

683-2 

NB 



300V 


676-3 

G or S 

698-3 

GA 

684-3 

NA 

683-3 

NB 



400V 


676-4 

G or S 

698-4 

GA 

684-4 

NA 

683-4 

NB 



500V 


676-5 

G or S 

698-5 

GA 

684-5 

NA 

683-5 

NB 



600V 


676-6 

G or S 

698-6 

GA 

684-6 

NA 

683-6 

NB 



L2kV 

676-12 

HJ 







L8kV 

676-18 

HK 







2.4kV 

676-24 

HL 







a,5kV 








3,0kV 

676-30 

HM 







3.6kV 676-36 

HN 








4.0kV 








4.2kV 676-42 

HO 








4.8kV 676-48 

HP 








5.0kV 676-50 

HP 








73kV 








lOkV 








15kV 

Reverse 

Recovery 5O0ns 
Time (max,) 

500ns 

500ns 

500ns 

500ns 

500ns 

50ns 

50n$ 
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PRODUCT SELECTION GUIDE 


RECTIFIER BRIDGES 

Three Phase Full-Wave Bridge 



STANDARD RECOVERY 


Peak 
inverse 
Voltage 
. PerLeg., 

AVERAGE D.C. OUTPUT CURRENT 

1-3A 

4.5- 15A 

15-25A 

5GV 





lOOV 

700-1 

F 

695-1 

NC 

678-1 

NC 


125V 










200V 

700-2 

F 

695-2 

NC 

678-2 

NC 

483-1* 

ME 

300V 

700-3 

F 

695-3 

NC 

678-3 

NC 


400V 

700-4 

F 

695-4 

NC 

678-4 

NC 

483-2* 

ME 

500V 

700-5 

F 

695-5 

NC 

678-5 

NC 


600V 

700-6 

F 

695-6 

NC 

678-6 

NC 

483-3* 

ME 

2*5I<V 





5.0KV 


' 



7,5kV 





lOkV 






♦Available as JANTX 



Peak 

Inverse 

Voltage 

._:.:PerLeg 

AVERAGE D.C. OUTPUT CURRENT 

1-3A 

4.5- 15A 

15-25A 

25-40A 

50V 




801-1 

ME 

800-1 

ME 

lOOV 

701-1 

F 

696-1 

NC 

682-1 

NC 

801-2 

ME 

800-2 

ME 

125V 




801-3 

ME 

800-3 

ME 

150V 




801-4 

ME 

800-4 

ME 

200V 

701-2 

F 

696-2 

NC 

682-2 

NC 



300V 

701-3 

F 

696-3 

NC 

682-3 

NC 



400V 

701-4 

F 

696-4 

NC 

682-4 

NC 



5Q0V 

701-5 

F 

696-5 

NC 

682-5 

NC 



600V 

701-6 

F 

696-6 

NC 

682-6 

NC 



2>5kV 






a.OkV ■ 






4.0kV 






5.0kV 






Reverse 
Recovery 
Time (max.) 

1 500ns 

500ns 

500ns 

50ns 

50ns 


DOUBLERS & CENTER-TAP RECTIFIERS 


STANDARD RECOVERY ND 


Peak 
Inverse 
Voltage 
Per Leg 

Average O.C. Output Current 


lOOV 

681-1 


ND 

liiiliiiiliil 

681-2. 


ND 

3Q0V 

681-3 


ND 

400V 

681-4 


ND 

500V 

681-5 


ND 

600V 

681-6 


ND 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


10-27 


PRINTED IN U S A. 


POWER ZENERS AND TRANSIENT 
VOLTAGE SUPPRESSORS 


PRODUCT SELECTION GUIDE 


Transient Voltage Suppressors 


Part No. 

Stand* 

Off 

Voltage 
Vr ' 

Min. 

Breakdown 

Voltage 

BV(min) @ ImA 

Max. 

Peak 

Pulse Current 

Ipp 

Max. 

Clamping 

Voltage^ 

Vc @ Ipp 

Peak 
Power 
for ImS 

(V) 

(V) 

(A) 

<V) 

(W) 



TVS305 

5.0 

5.0 

17 

8.7 




TVS310 

10.0 

11.1 

8.9 

16.8 




TVS312 

12.0 

13.8 

7.1 

21.0 




TVS315 

15.0 

16.7 

5.9 

25 



mam 

TVS318 

18.0 

20.4 

4.9 

31 



ipi 

TVS324 

24.0 

28.4 

3.6 

42 

150 


ou 

TVS328 

28.0 

30.7 

3.2 

46 



< 

TVS348 

48.0 

54 

1.7 

82 




TVS360 

60.0 

67 

1.4 

105 




TVS410 

100.0 

111 

.91 

160 




TVS420 

200.0 

234 

.42 

360 




TVS430 

300.0 

342 

.28 

520 




TVS505 

5.0 

6.0 

53.7 

9.3 


JS> 


TVS510 

10.0 

11.1 

30.3 

16.5 


V) 


TVS512 

12.0 

13.8 

23.8 

21.0 




TVS515 

15.0 

16.7 

19.8 

25.2 

500 

iS 


TVS518 

18.0 

20.4 

16.3 

30.5 


o 

n 


TVS524 

24.0 

28.4 

11.9 

42.0 


0- 

w 

TVS528 

28.0 

30.7 

10.7 

46.5 



s 

1N6461** 

5.0 

5.6 @ 25mA 

56 

9 



m 

1N6462** 

6.0 

6.5 @ 20mA 

46 

11 




1N6463** 

12.0 

13.6 @ 5mA 

22 

22.6 




1N6464** 

15.0 

16.4 @ 5mA 

19 

26.5 




1N6465** 

24.0 

27.0 @ 2mA 

12 

41.4 

DUU 



1N6466*’^ 

30.5 

33.0 @ 1mA 

11 

47.5 




1N6467** 

40.3 

43.7 (5) 1mA 

8 

63.5 




1N6468** 

51.6 

54.0 @ 1mA 

6 

78.5 




1N5610* 


33.0 

32.0 

47.5 



-1 

o 

1N5611* 


43.7 

24.0 

63.5 



o 

1N5612* 


54.0 

19.0 

79.5 

IDUU 



1N5613* 


191.0 

5.7 

265.0 
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PRODUCT SELECTION GUIDE 


POWER ZENERS AND TRANSIENT 
VOLTAGE SUPPRESSORS 


Bi-directional Zeners 



Power 

llllllll 

ililteg 

5W 

Package Style 

liliiS 

iilililil 



UDZ8807 

UDZ807 

UDZ5807 



UDZ8808 

UDZ808 

UD25808 


9.1 

UDZ8809 

UDZ809 

UDZ5809 


10 

UDZ88ia 

UDZ810 

UDZ5810 

4 ) 

O 

c 

12 

UDZ8812 

UDZ812 

UDZ5812 

S 

15 

UDZ8815 

.UDZ815 

UDZ5815 


18 

UDZ8818 

UDZ818 

UDZ5818 

sj> 

20 

UDZ8820 

UDZ820 

UDZ5820 

O 

24 

UDZ8824 

UDZ824 

UDZ5824 


27 

UDZ8827 

UDZ827 

UDZ5827 

itT 

S 

30 

UDZ8830 

UDZ830 

UDZ5830 

wmmim 

UDZ8833 

UDZ833 

UDZ5833 



UDZ8836 

UDZ836 

UDZ5836 


40 

UDZ8840 

UDZ840 

UDZ5840 


45 

UDZ8845 

UDZ845 

UDZ5845 


60 

UDZ8860 

UDZ860 

UDZ5860 



UNITRODE CORPORATION ■> 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


10-29 


PRINTED IN U.S.A. 



POWER ZENERS AND TRANSIENT 
VOLTAGE SUPPRESSORS 


POWER ZENERS 


PRODUCT SELECTION GUIDE 




B 


Power 

IW 

1 5W 

3W 

3W 

5W 

6W 

6W 

low 

Package 

11 Style 

A 

A 

A 

A 

B 

B 

CL 

c 


5.6V 






1N5968* 




6.2V 






1N5969’=‘ 




6.8V 

UZ8706 

1N4461^* 

1N5063 

UZ706^ 

UZ4706 

1N4954’' 

UZ7706L 

UZ7706^ 


7.5V 

UZ8707 

1N4462* 

1N5064 

UZ707^ 

UZ4707 

1N4955^^ 

UZ7707L 

UZ7707^ 


8 2V 

UZ8708 

1N4463'' 

1N5065 

UZ708^ 

UZ4708 

1N4956* 

UZ7708L 

UZ7708^ 


9.1V 

UZ8.709 

1N4464’=' 

1N5066 

UZ709^ 

UZ4709 

1N4957“=‘ 

UZ7709L 

UZ7709^ 


lOV 

UZ8710 

1N4465’'‘ 

1N5067 

UZ710^ 

UZ4710 

1N4958* 

UZ7710L 

UZ7710^ 


IIV 

UZ8711 

1N4466’' 

1N5068 



1N4959* 

UZ7711L 

UZ7711^ 


12V 

UZ8712 

1N4467^^ 

1N4883 

UZ712^ 

UZ4712 

1N4960* 

UZ7712L 

UZ7712^ 


i$V 

UZ8713 

1N4468* 

1N5069 

UZ713^ 

UZ4713 

1N4961’'‘ 

UZ7713L 

UZ7713^ 


14V 

UZ8714 


1N5070 

UZ714^ 


1N5118 

UZ7714L 

UZ7714^ 


15V 

UZ8715 

1N4469* 

1N5071 

UZ715^ 

UZ4715 

1N4962* 

UZ7715L 

UZ77i5^ 

c 

trj 

16V 

UZ8716 

1N4470- 

IN 5072 

UZ716^ 

UZ4716 

1N4963- 

UZ7716L 

UZ7716^ 


18V 

UZ8718 

1N4471- 

1N5073 

UZ718^ 

UZ4718 

1N4964* 

UZ7718L 

UZ7718^ 

K 

20V 

UZ8720 

1N4472- 

1N4884 

UZ720^ 

UZ4720 

1N4965* 

UZ7720L 

UZ7720^ 

w 

22V 

UZ8722 

1N4473* 

1N5074 

UZ722^ 

UZ4722 

1N4966*^^ 

UZ7722L 

UZ7722^ 

24V 

UZ8724 

1N4474- 

IN 5075 

UZ724^ 

UZ4724 

1N4967==' 

UZ7724L 

UZ7724^ 

> 

LU 

27V 

UZ8727 

1N4475- 

1N5076 

UZ727^ 

UZ4727 

1N4968* 

UZ7727L 

UZ7727^ 

(J 

< 

30V 

UZ8730 

1N4476- 

1N5077 

UZ730^ 

UZ4730 

1N4969“^ 

UZ7730L 

1N7730^ 


33V 

UZ8733 

1N4477* 

1N5078 

UZ733^ 

UZ4733 

1N4970’' 

UZ7733L 

UZ7733^ 

o 

> 

36V 

UZ8736 

1N4478- 

1N5079 

UZ736^ 

UZ4736 

1N497P 

UZ7736L 

UZ7736^ 


39V 


1N4479* 

1N5080 


UZ4739 

1N4972’^ 




40 V 

UZ8740 


1N5081 

UZ740^ 


1N5119 

UZ7740L 

UZ7740^ 


43V 


1N4480- 

1N5082 


UZ4743 

1N4973=*''' 




45V 

UZ8745 


1N5083 

UZ745^ 


1N5120 

UZ7745L 

UZ7745^ 


47V 


1N4481* 

1N5084 


UZ4747 

1N4974* 




50V 

UZ8750 


1N5085 

UZ750^ 


1N5121 

UZ7750L 

UZ7750^ 


51V 


1N4482* 

1N5086 


UZ4751 

1N4975* 




56V 1 

UZ8756 

1N4483* 

1N5087 

UZ756^ 

UZ4756 

1N4976'''' 

UZ7756L 

UZ7756^ 


60V j 

UZ8760 


1N5088 

UZ760^ 


1N5122 

UZ7760L 

UZ7760^ 


62V 1 


1N4484- 

1N5089 


UZ4762 

1N4977* 




68V 


1N4485- 

1N5090 1 


UZ4768 

1N4978- 



PULSE 

POWER 

lOOW 

140W 

230W 

230W 

720W 

900W 

2000W 

2000W 


* Available as JAN. JANTX, & JANTXV 
** For 100/^s pulse width 
t 10% and 20% tolerance also available 
*** Pro Electron Diodes 7% tolerance 
1. Available with High Reliability (HR) Screening. See individual datasheet 
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POWER ZENERS AND TRANSIENT 
VOLTAGE SUPPRESSORS 


POWER ZENERS 


CL 


PRODUCT SELECTION GUIDE 


c 


Power 

: IW 

1.5W 

3W 

3W 

5W 

5W 

6W 

low 

Package 

Style 

A 

A 

A 

A 

B 

B 

CL 

C 


WSU& 

UZ8770 


1N5091 

UZ770 


1N5123 

UZ7770L 

UZ7770^ 


m&m 

UZ8775 

• 1N4486* 

1N5092 

UZ775 

UZ4775 

1N4979* 

UZ7775L 

UZ7775^ 


80V 

UZ8780 


1N5093 

UZ780 


1N5124 

UZ7780L 

UZ7780^ 


82V 


1N4487* 

IN 5094 


UZ4782 

1N4980* 




90V 

UZ8790 


1N4096 

UZ790 


1N5125 

UZ7790L 

UZ7790^ 


91V 


1N4488* 

1N4095 


UZ4791 

1N4981* 




liolil 

UZ8110 

1N4489* 

1N4097 

UZllO 

UZ4110 

1N4982* 

UZ7110L 

UZ7110^ 


iiiiil 

UZ8111 

1N4490* 

1N5096 

UZlll 

UZ4111 

1N4983* 




iBili 

UZ8112 

1N449P 

IN 5097 

UZ112 

UZ4112 

1N4984* 




130V 

UZ8113 

1N4492* 

1N5098 

UZ113 

UZ4113 

1N4985* 



8 

140V 

UZ8114 


1N5099 

UZ114 





(TJ 

150V 

UZ8115 

1N4493* 

1N4098 

UZ115 

UZ4115 

1V4986* 




160V 

UZ8116 

1N4494* 

1N5100 

UZ116 

UZ4116 

1V4987* 



o 

17DV 

UZ8117 


1N5101 

UZ117 


1V5127 



IT) 

Iiiiil 

UZ8118 

1N4495* 

1N5102 

UZ118 

UZ4118 

1V4988* 




190V 

UZ8119 


1N5103 

UZ119 


1N5128 



jUU 

200V 

UZ8120 

1N4496- 

1N5104 

UZ120 

UZ4120 

1N4989* 



C3 

< 

220V 



1N5105 

UZ122 


1N4990* 



b 

240V 



1N5106 

UZ124 


1N4991* 



o 

> 

260V 



1N5107 

UZ126 


1N5129 




270V 



1N5108 



1N4992* 




280V 



1N5109 

UZ128 


1N5130 




300V 



1N5110 

UZ130 


1N4993* 




320V 



1N5111 

UZ132 


1N5131 




330V 



1N5112 



1N4994* 




340V 



1N5113 

UZ134 


1N5132 




360V 



1N5114 

UZ136 


1N4995* 




380V 



1N5115 

UZ138 


1N5133 




390V 



1N5116 



1N4996 




400V 



1N5117 

UZ140 


1N5134 



PULSE 

POWER 

lOOW 

140W 

_J 

230W 

230W 

720W 

900W 

200DW 

2000W 


* Available as JAN, JANTX, & JANTXV 
** For lOOfjs pulse width 
t 10% and 20% tolerance also available 
*** Pro Electron Diodes 7% tolerance 
1. Available with High Reliability (HR) Screening. See individual datasheet 
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THYRISTORS (SCRs & PUTs) 


PRODUCT SELECTION GUIDE 





.5A 1 




30 


2N3027* 

2N3030^‘ 

IDIOO 




60 

AA114 

2N3028* 

2N3031* 

IDlOl 


-j 



100 


2N3029- 

2N3032* 

ID102 

1 

fl 



150 




ID103 



U 

is 

200 

AA116 



ID104 




> 

300 

AAllO 



ID105 




400 

AAlll 



ID106 

TO-18 



Igt 

200uA 

200Mf^ 

20//A 

200/iA 


iiiiiii 


Ih 

2mA 

5mA 

4mA 

5mA 



^T(RMS) 


< 




30 

2N1876 

2N1870A** 


1 



60 

2N1877 

2N1871A'‘* 



oeL 

ct: O 

o o 

100 

2N1878 

2N1872A** 



o 

</> 

150 

2N1879 

2N1873A 

II 

1 


in’ 

200 

2N1880 

2N1874A** 

TO-9 



Igt 

20M 

200//A 




Ih 

3mA 

5mA 



iT(RIVfS) 

L6A 1 




30 



2N2322 


f 




60 

ADIOO 

2N5724 

2N2323A^'*=^ 

2N2323*** 

1D200 

4 

nr 



100 

ADlOl 

2N5725 

2N2324A*** 

,2N2324**='’ 

ID201 


il 

oc 


150 



2N2325A 

2N2325 

ID202 


1 

o 

iiiiiii 

oc C 

D O 

200 

AD102 

2N5726 

2N2326A*** 

2N2326'‘** 

ID203 




> 

300 

AD103 

2N5727 

2N2328A*** 

2N2328^'^’* 

ID300 




400 

AD104 

2N5728 

2N2329''** 

ID301 

TO-39 



Igt 

ZfjfK 

20^A 

ZOfiA 

200/iA 

20DM 


Mill 


Ih 

2mA 

2mA 

2mA 

2mA 

3mA 


*Available as JAN and JANTX types. 
**Available as JAN type. 

♦♦^Available as JAN, JANTX, JANTXV types. 
t3mA available from factory 
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THYRISTORS (SCRs & PUTs) 


PRODUCT SELECTION GUIDE 


ULTRAFAST SWITCHING 


1 

j TO-18 

mi 

<A) 




GA200 GA300 

GA200A GA300A 

Wmmo&imrn. 

GA201 GA301 

GA201A GA301A 




llffiiiSlf 



1 

^ TO-59 

SCR 

JS 

llliiiliiil 



GB200 GB300 

GB200A GB300A 

siiiiqoYiiiii: 

GB201 GB301 

GB201A GB301A 




miwsiiw 




RADIATION HARDENED SCRs 



TO-18 


On-State 

Current 

'^TtRMS) 

0,4A 

Package Style 


REPETITIVE PEAK OFF-STATE 
. . VOLTAGE, and 

REVERSEVOLTAGE,VRft^ 

3QV 

GAIOO 

60V 

GAlOl 

80V 

GA102 

Key Parameters 

l©t (P^St 
3X10‘-^ NVT) 
20mA 

l„(Post 
3X10^^ KVT) 
30mA 


PUTS — PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 



Peak Recurrent Forward 
Current 

8A 



PaeKage style 

TMB 

1 

1 

jb* 

-ri 

lv^a5M@Ros=10K 

l^=:45AA^Re=slMeg 

U13T2 


TC 

M8 

W^qM. 

uj oe 

iipiis 

iiSwi 

Iv=s70M@Ro~^0K 

fp s= 2 aA ^ R^ =: IMeg 

U13T1 

a 

o 

o 


Mm 

ly = lmA<§Rs=s=200Jl 

Ip *l6/tA ^ R^ 5= IMeg 

2N6120 

Z> 

CO 

z 

o 


P 

ly=:r 1.5mA (©Rs = aoOR 

2N6119 

2N6137* 



Forward and Reverse 
Voltage} V^,V^ 

40V 

lOOV 


* Available as JAN and JANTX types. 
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SWITCHING, GENERAL PURPOSE product selection guide 

AND STABISTOR DIODES 


SWITCHING 


Type 

Reverse 

Breakdown 

Voltage 

(V) 

Average 

Forward 

Current 

(mA) 

Forward 

Voltage 

(V) 

Reverse 

Recovery 

Time 

(ns) 

Junction 

Capacitance 

(pF) 

TiD777 

20 

50 

.52-.64 @ 0.1mA 

0.75 

1.3 

TID700 

30 

50 

.52-.61 @ 0.1mA 

0.7 

0.8 

TtD778 

30 

50 

1.35 @ 50mA 

0.75 

1 

1N4727 

30 

75 

.79-.85 @ 10mA 


4 

1N4453 

30 

200 

.51-.63 @ 0.1mA 


30 

1N4154 

35 

150 

1.0 @ 30mA 

2 

4 

IH2SV 

40 

75 

1.0 @ 5mA 

150 


1N4152 

40 

150 

.49-.52 @ 0.1mA 

2 

2 

1N4450 

40 

200 

.42-.54 @ 0.1mA 

4 

4 

1N4451 

40 

200 

.4-. 5 @ 0.1mA 

10 

6 

1N4452 

40 

200 

.42-.54 @ 0.1mA 

50 

30 

1N4444 

70 

200 

.44-. 55 @ 0.1mA 

7 

2 

IN 3064** 

75 

75 

1.0 @ 10mA 

4 

2 

1N4532*** 

75 

125 

1.0 @ 10mA 

4 

2 

1N4534*** 

75 

150 

.74 .88 @ 20mA 

4 

2 

1N4151 

75 

150 

1.0 @ 50mA 

2 

2 

1N4153*** 

75 

150 

.49-.55 @ 0.1mA 

2 

2 

1N4305 

75 

150 

.5-.575 @ .25mA 

2 

2 

1N4446 

75 

150 

1.0 @ 20mA 

4 

4 

1N4447 

75 

150 

1.0 @ 20mA 

4 

2 

1N4448 

75 

150 

1.0 @ 100mA 

4 

4 

1N4449 

75 

150 

1.0 @ 30mA 

4 

2 

1N3600*<* 

75 

200 

.54-.62 @ 1mA 

4 

2.5 

LN4149 

75 

200 

1.0 @ 10mA 

4 

2 

lN4150‘'--‘ 

75 

200 

.54-.62 @ 1mA 

4 

2.5 

1N4454'‘* 

75 

200 

1.0 @ 10mA 

2 

2 

1N4500=^* 1 

80 

300 

.64-.72 @ 10mA 

6 

4 

1N4607 1 

85 

400 

1.1 @ 400mA 

10 

4 

1N4608 

85 

500 

1.1 @ 500mA 

10 

4 

1N662- 1 

100 

40 

1.0 (5) 10mA 

500 

3 

IN663* 

100 

40 

1.0 @ 100mA 

500 

3 

1N914** 

100 

75 

1.0 @ 10mA 

5 

4 

1N4531**« 

100 

125 

1.0 @ 10mA 

5 

4 

1N4I48*'’^ 

100 

200 

1.0 @ 10mA 

4 

4 

1N3070"'' ' 

200 

100 

1.0 @ 100mA 

50 

• 5 

1N4938^* 

200 

150 

1.0 @ 10mA 

50 

5 


GENERAL PURPOSE 



Reverse 

Voltage 

(V) 

Average 

Forward 

Current 

(mA) 

Forward 

Voltage 

Reverse 

Recovery 

Time 

(ns) 

Junction 

Capacitance 

(pF) 

1N466 . 

30 

90 

1.0 @ 40mA 



1N457* 

70 

75 

1.0 @ 20mA 



1N483B** 

80 

200 

1.0 @ 100mA 



1N458* 

150 

55 

1.0 @ 7mA 



1N3595*”* 

150 

150 

.83-1.0 @ 200mA 

3fjs 

2.5 

1N459* 

200 

40 

1.0 (§) 3mA 



1N643* 

200 

40 

1.0 @ 10mA 

300 

3 

1N485B** 

200 

200 

1.0 @ 100mA 



1N645*** , 

270 

400 

1.0 @ 400mA 


20 

1N647** 

480 • 

400 

1.0 @ 400mA 


20 


* Available as JAN. 


Available as JAN, JANTX. 


Available as JAN, JANTX, JANTXV. 
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SWITCHING, GENERAL PURPOSE 
AND STABISTOR DIODES 


PRODUCT SELECTION GUIDE 


LOW LEAKAGE 


Type 

• Reverse 
Breakdown 
Voltage 
(V) 

Average 

Forward 

Current 

<mA) 


Current 

(nA) 

Junction 

Capacitance 

(PF) 

DE104 

40 

74 

.61-.70 @ 0.1mA 

.02 @ 20V 

4 

DEIIO 

40 

74 

.59-.69 @ 0.1mA 

2 @ 30V 

4 

DEUl 

40 

74 

.59-.69 @ 0.1mA 

.2 @ 20V 

4 

DE112 

40 

74 

1.0 @ 50mA 

0.1 @ 20V 

6 

DE113 

40 

74 

1.0 @ 50mA 

0.25 @ 20V 

6 

DUU 

40 

74 

.59-.69 @ 0.1mA 


4 

DEI 15 

40 

74 

.59-.69 @ 0.1mA 

2 @ 50V 

4 


STABISTOR 


Type 

Reverse 

Breakdown 

Voltage 

m 

Forward 

Voltage 

Reverse 

Leakage 

Current 

Junction 

Capacitance 

m 

iN4l55 

30 

.97-1.22 @ 0.1mA 

50 @ 20V 

25 

1M4157 

30 

1.52-1.77 @ 0.1mA 

50 @ 20V 

20 

im453 

30 

.51.63 @ 0.1mA 

50 @ 20V 

30 

1N5179 

30 

1.8-2.5 @ 0.1mA 

50 @ 20V 

20 

1IV4829 

30 @ 100/jA 

.84-1.25 @ 0.1mA 

100 @ 20V 

25 

1K4830 

30 @ 100/jA 

1.35-1.8 @ 0.1mA 

100 @ 20V 

20 

MPD200 

30 

1.05-1.16 @ 0.1mA 

30 @ 30V 

15 

IV)PD300 

60 

1.62-1.78 @ 0.1mA 

30 @ 30V 

10 

IVIPD400 

90 

2.47-2.71 @ 0.1mA 

30 @ 30V 

7 

STB567 

12 

1.31-1.61 @ 10mA 



STB568 

12 

2.09-2.31 @ 10mA 



STB569 

12 

2.73-3.01 @ 10mA | 




PROELECTRON SWITCHING DIODES 


Type 

Reverse 

Voltage 

(V) 

Average 

Forward 

Current 

Forward 

Voltage 

(V) 

Reverse 

Recovery 

Time 

(ns) 

Reverse 

Current 

^26"C 

Junction 

Capacitance 

(pF> 

BAY60 

25 

115 

1.0 @ 30mA 

4 

0.1 @ 25V 

4 

BAW75 

35 

300 

1.0 @ 30mA 

2 

5 @ 35V 

4 

BAY41 

40 

225 

1.0 @ 200mA 

8.5 

5 @ 40V 

5 

BAW24 

50 

600 

1.0 @ 50mA 

6 

0.1 @ 40V 

4 

BAW25 

50 

600 

0.8 @ 50mA 

6 

0.1 @ 40V 

4 

8AY42 

60 

225 

1.0 @ 200mA 

15 

5 @ 60V 

5 

8AW26 

75 

600 

1.0 @ 50mA 

6 

0.1 @ 60V 

4 

BAW27 

75 

600 

1.0 @ 200mA 

6 

0.1 @ 40V 

4 

BAW76 

75 

300 

1.0 @ 100mA 

2 

5 @ 75V 

2 

BAY43 

80 

225 

1.0 @ 200mA 

15 

5 @ 80V 

5 

BAX12 

90 

400 

1.25 @ 400mA 

15 

0.1 @ 90V 

20 
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PRODUCT SELECTION GUIDE 


PIN DIODES 

For applications information, see PIN Diode Designers’ Handbook and Catalog (PD-SOOB) 


SWITCHING PIN DIODES 


Type 

Voltage 

Rating 

fjlllllle 

Capacitance 
(OV, 1 GHz) 
max. 

iiiiiilltiiiiiiiiliii: 

(lOOmA. 1 GHz) 
R& max. 

:i||liiiii;lallel 

Resistance 
(lOOV, 1 GHz) 
Rp min. 

lllliiige 

Thermal 
Resistance 
0^ max. 

Dissipation 

max. 

Peak 

Power 

Dissipation 

Carrier 

lifetime 

Ip - 10mA 

T min, 






(“^C/W) 


IHiliill 

(aS) 

UM4000 

100-1000 

3.0 

0.5 

2 

6 

25 

100 

5.0 

UM4900 

100-600 

3.0 

0.5 

2 

4 

37 

100 

5.0 

UM6000 

100-1000 

0.5 

1.7 

15 

25 

6 

25 

1.0 

UM6200 

100-400 

1.1 

0.4 

10 

25 

6 

10 

0.6 

UIV16600 : 

100-1000 

0.4 

2.5 

10 

35 

4 

13 

1.0 

UM7000 ^ 

100-1000 

0.9 

1.0 

10 

15 

10 

60 

2.5 

UM7100 

100-800 

1.2 

0.6 

8 

15 

10 

35 

2.0 

UM7200 

100-400 

2.2 

0.25 

7 

15 

10 

20 i 

1.5 


HIGH POWER ATTENUATOR & MODULATOR PIN DIODES 



Voltage 

Ratings 

||j|;|j||® 

Total 

Capacitance 
(OV, 1 GHz) 

C| max. 

RF Resistance 
{100mA, 1 GHz) 

Rs max,, 

RF Resistance 
(IOmA, 1 GHz) 

Average 

Thermal 

Resistance 

Average 

Power 

Dissipation 

P^ max. 

Carrier 

lifetime 

Ip = 10mA 

T min. 


(V) 

(pF) 

(n) 

(S2) 

(°C/W) 

(W) 

(/) 

UM4300 

100-1000 

2.2 

1.5 

1000 

8 

18 

5.0 

UIVI7300 

100-1000 

0.7 

3.0 

3000 

20 

7.5 

2.5 


GENERAL PURPOSE PIN DIODE 


Type 

llililiige 

Rating 

llllljlPM) 

iiiiii® 

Capacitance 
(BOV, IMHz) 

Ct max. 

RF Resistance 
aOfiK 100 MHz) 

Rs min. 

RF Resistance 
{20mA, 100 MHz) 

Rs max. 

RF Resistance 
(100mA. lOOMHz) 

Carrier 
Lifetime 
(U - 10mA) 

T min. 

IIH^ 


im 

:||||||||||||||||| 



1N5767 

i 

100 

0.4 

1 1 

1000 1 
3000 typ. 

8 

4 typ. 

2.5 i 

1.5 typ. 

1 


LOW DISTORTION ATTENUATOR PIN DIODES 


Type 

Voltage 

Rating 

l,=10^A 

Total 

Capacitance 
(OV. 1 COM Hz) 

Ct max. 

RF Resistance 
(100mA, lOOMHz) 

RF Resistance 
{10/iA, 100 MHz) 

Ba min. 

Forward Current 
(R$ - 75fi 

F ^ lOOMHz) 

Typ. 

Carrier ^ 
Lifetime 
(lp=lOmA) 
Typ. 


(V) 



(U) 

. (mA) 

rCus) 

iN5957 

100 

0.4 

3.5 

1500 

1.0 

2 

UM9301 

75 

0.8 

3.0 j 

3000 

1.1 

4 


TWO WAY RADIO ANTENNA SWITCHES 


Type 

llllillillBI 

Voltage 

Rating 

(1r==:10M) 

Capacitance 
(OV, lOOMHz) 

Cf max. 

RF 

Resistance 
(50mA, lOOMHz) 

|||j||j||. max. 

Transmit 

Harmonic 

Distortion 

F = 50MHz 

1 “ 20mA 

Receive 

Third Order 
Distortion 
(Pin-lOmW, 0 Bias) 
FA-BOMHz 
FB=5lMHz 

Average 

Power 

Dissipation 

Max. 


(V) 

<pF) 

Ilillllllllll 

(dB) 

iiiiiiiiilibi 

m 

UM9401 
and ' 
UM9402 

50 

1.5 

1.0 

-80 

-60 

5.5 

UM94i5 

50 

4.0 

1.0 

-80 

60 

10 
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PRODUCT SELECTION GUIDE 


PIN DIODES 

For applications information, see PIN Diode Designers’ Handbook and Catalog (PD-500B) 


LOW RESISTANCE ANTENNA SWITCHES 



Voltage 

Total 


Forward Bias 

Reverse Bias 

Average 



Capacitance 

Resistance 

Third Order 

Third Order 

Power 


(Ir = lO^A) 

{50V, IMHz) 

(lOmA. lOOMHz) 

Im Distortion 

Im Distortion 

Dissipation 





1 = 10mA 







Fa = 43MHz 

Fa = 43MHz 


Type 




Fb = 44MHz 

Fb = 44MHz 




Ct max 

Rs max 

max 

max 

Pa max 


(V) 


(Q) 

(dB) 


(W) 

UM9701 

100 

1.8 i 

.8 1 

-90 

-90 i 

2.5 


MICROSTRIP PACKAGED DIODES 


Type 

Series 

Resistance 

Rs max. 

Parallel 

Resistance 

Rp min. 

Capacitance 

Ct max. 

Lifetime 

rmin. 

Voltage 

Rating 

Forward 

Voltage 

Vf typ. 




iiiiililiiii 


(V) 

UM9601- 

UM9604 

0.6 

5 

1.2 



2.0 

100, 400 

.85 

UM9605^ 

yM9608 

1.7 

7 

0.5 

1.0 

100, 400 

.95 


RADIATION DETECTOR 



Photocurrent 


Reverse 


Type 

10^ Rad (Si)/s, 50V 


Current 

Capacitance 

Flash X*Ray, 2.6 MeV 

Maximum 

50V 

F - 1 MHz, V - 50V 


mA min. 

Photocurrent 

/(A max. 

pF max. 

UM9441 

4.0 

3A dc, 3A2s pulsed 

1.0 

10 


PACKAGE STYLES 


O ' o 


A Style B Style 

Basic Diode Round Axial Leads 



*C Style 
Stud 


DOC 


*D Style 
Insulated Stud 


E Style 

Ribbon Axial Leads 


*Not available for UM6000, UM6600, UM6200. 


ForUM9600 Series 



Cup 

UM9601/2 


Drawings are not actual size. 


Cup 

UM9605/6 



Flange 

UM9603/4 


Q 

Flange 

UM9607/8 


The following series are available in surface mount packaging; UM7000, UM7200, UM7300, UM9301, LIM9401. 
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PIN DIODES 


PRODUCT SELECTION GUIDE 


VOLTAGE RATINGS 





mllilKKIIIIKi 

600V 


iooov 


y 

y 


y 


y 


y 

y 


y 


y 


y 

y 


y 




y 

y 


y 


y 


y 

y 

y 





y 

y 


y 


y 


y 

y 


y 


y 


y 

y 

y 


y 



y 

y 

y 




UM7300 

y 

y 


y 


y 


ORDERING INFORMATION 

Part numbers of Switching and High Power Attenuator PIN diodes 
consist of the letters UM followed by four digits and one or two letters. 
The first two digits indicate the diode series, the next two digits specify 
the voltage rating in hundreds of volts. The remaining letters denote the 
package style. Reverse polarity is available for C, and D, style and 
denoted by adding second letter R. 


For Example: 


I Series 6000 
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SENSISTORS® 


PRODUCT SELECTION GUIDE 




Resistance Range 
(O) 

Resistance Range 
CR25"C/R125"C) 

Tolerance 

Package 

TG1/8-J 

lO-lOK 

0.55±15% 

5% 

TG 

TG1/8*K 

lO-lOK 

0.55±15% 

10% 

TG 

TM1/8J 

10-39K 

0.55±15% 

5% 

TM 

TM1/8-K 

10-39K 

0.55±15% 

10% 

TM 

TM1/4-J 

lO-lOK 

0.55±15% 

5% 

TM 

T1VI1/4^K 

lO-lOK 

0.55±15% 

10% 

TM 

RTH22 ES-J 

lO-lOK 

0.55±15% 

5% 

TM 

RTH22 ES-K 

lO-lOK 

0.55±15% 

10% 

TM 

RTH42 ES-J 

10-2.7K 

0.55±15% 

5% 

TG 

RTH42 ES-K 

10-2.7K 

0.55±15% 

10% 

TG 


Sensistors® is a registered trademark of Unitrode Corporation. 


TYPE NUMBER DESIGNATION 


TM1/8272K 

TM 1/8 272 K 

— 1— — r— — 1 — TZ 


1 

1 

■ ^ ^ 

1 

STYLE 

WATTAGE 

RESISTANCE VALUE CODE 

TOLERANCE 

TM 

1/8 

270 = 27Q 

J = 5% 

TG 


271 = 270Q 

K = 10% 

RTH22 ES 


272 = 2.700n 


RTH42 ES 


273 = 27,0000 
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SURFACE MOUNT PACKAGES 

Ultra-Fast & Standard Recovery Rectifiers 

MELF A 


ULTRA-FAST RECTIFIERS 


Average D.C. 
Output 

Current 



4A 

7A 

BA 

Package 

Style 



MelfA 

MeifB 

MB 


50V 

trr 

UESIOOISM 

25ns 


UESIIOIMS 

25ns 


UES1301SM 

30ns 

1 

lOOV 

trr 

UES1002SM 

25ns 


UES1102SM 

25ns 


UES1302SM 

30ns 

I 

% 

150V 

trr 

UES1003SM 

25ns 


UES1103SIVI 

25ns 


UES1303SM 

30ns 


200V 

trr 


UES1104SM 

50ns 


UES1304SM 

50ns 


£ 

300V 

trr 


UES1105SM 

50ns 


UES1305SM 

50 ns 



400V 

trr 


UES1106SM 

50ns 


UES1306SM 

50ns 




STANDARD RECOVERY RECTIFIERS 


Average D.C. 
Output 
Current 

Zk 

4A 

8A 

Package 

Style 

MelfA 

Metf A 

MelfB 

1 

200V 

SM3611 

SM4245 

SM5614 

SM5550 

4S 

§ 

400V 

SM3612 

SM4246 

SM5616 

SM5551 

1 

1 

600V 

SM3613 

SM4247 

SM5618 

SM5552 

1 

800V 

SM3614 

SM4248 

SM5620 

SM5553 

Cm 

lOOOV 

SM4249 




Contact factory for Rectifiers, Zeners, TVSs, and PINs not displayed in this section. 
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SURFACE MOUNT PACKAGES 

Power Zeners & Transient Voltage Suppressors 



POWER ZENERS POWER ZENERS 


Power 

3W 

low 

Package 

Style 

iililllll 



Melf B 


5.6V 


SM5968 


6.2V 


SM5969 


6.8V 

SM4461 

SM4954 


7.5V 

SM4462 

SM4955 


8.2V 

SM4463 

SM4956 


9.1V 

SM4464 

SM4957 


lOV 

SM4465 

SM4958 


IIV 

SM4466 

SM4959 


12V 

SM4467 

SM4960 

O 

13V 

SM4468 

SM4961 

2 

15V 

SM4469 

SIV14962 

1 

16V 

SM4470 

SM4963 


18V 

SM4471 

SM4964 

ijO 

w 

20V 

SM4472 

SIVI4965 

IM 

> 

22V 

SM4473 

SM4966 


24V 

SM4474 

SM4967 


27V 

SM4475 

SM4968 

> 

30V 

SM4476 

SM4969 


33V 

SM4477 

SM4970 


36V 

SM4478 

SIVI4971 


39V 

SM4479 

SM4972 


43V 

SM4480 

SM4973 


47V 

SM4481 

SM4974 


51V 

SM4482 

SM4975 


56V 

SM4483 

SM4976 


62V 

SM4484 

SM4977 


Power 

3W 

lOW 

Package 

Style 

Meif A 

Meif B 


68V 

SM4485 

SM4978 


75V 

SM4486 

SM4979 


82V 

SM4487 

SM4980 


91V 

SM4488 

SM4981 

a> 

Q 

lOOV 

SM4489 

SM4982 

C 

S 

llOV 

SM4490 

SM4983 

s 

120V 

SM4491 

SM4984 


130V 

SM4492 

SM4985 

lA 

150V 

SM4493 

SM4986 


160V 

SM4494 

SM4987 

© 

180V 

SM4495 

SM4988 


200V 

SM4496 

SM4989 

3 

220V 


SM4990 


240V 


SM4991 


270V 


SM4992 


300V 


SM4993 


330V 


SM4994 


360V 


SM4995 


390V 


SM4996 


TRANSIENT VOLTAGE SUPPRESSORS 




Stand- 

Min. 

Max. 

Max. 




Off 

Breakdown 

Peak 

Clamping 

Peak 

Part No. 

Voltage 

Voltage 

Pulse Current 

Voltage 

Power 

iillll 



<§> ImA 

Ipp 

Vc @ Ipp 

for ImS 




(V) 

(A) 


(W) 


SIVI6461 

5.0 

5.6 @ 25mA 

56 

9 


illli 

SM6462 

6.0 

6.5 (® 20mA 

46 

11 



SM6463 

12.0 

13.6(5) 5mA 

22 

22.6 


SM6464 

15.0 

16.4 @ 5mA 

19 

26.5 

500 


SM6465 

24.0 

27.0 @ 2mA 

12 

41.4 

■ 

SM6466 

30.5 

33.0 @ 1mA 

11 

47.5 


■11 

SM6467 

40.3 

43.7 @ 1mA 

8 

63.5 



SM6468 

51.6 

54.0 @ 1mA 

6 

78.5 



Contact factory for Rectifiers, Zeners, TVSs, and PINs not displayed in this section. 
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UNITRODE 


Effective Date: April 30, 1987 


UNITRODE REGIONAL OFFICES 

Eastern Area Office, Door 7 — Lakeside Office Park, North Avenue, Wakefield, MA 01880, Tel. (617) 245-3010, 

TWX 710-348-1733 

Mid-Atlantic Office, 900 Route 9, Suite 208, Woodbridge, N.J. 07095, Tel. (201) 855-8444, TWX .710-991-0339 
Southeast Office, 10006 North Dale Mabry Highway, Suite E106, Tampa, FL 33618, Tel. (813) 962-1558, 

TWX 810-876-0886 

Mid-America Area Office,. 121 South Wilke Road, Suite 103, Arlington Heights, IL 60005, Tel. (312) 394-5240, 

TWX 910-233-0168 

South Central Office, 7920 Beltline Road, Suite 310, Dallas, TX.75240, Tel. (214) 991-8555, TWX 910-867-4738 
Rocky Mountain Area, 9200 W. Cross Drive, Suite 413, Littleton, CO 80123, Tel. (303) 972-2693, TWX 910-333-2905 
Western Area Office, 23801 Calabasas Road, Suite 2038, Calabasas, CA 91302, Tel. (818) 992-6894, TWX 910-494^5964 
Northwest Office, 2444 Moorpark Avenue, Suite 319, San Jose, CA 95128, Tel. (408) 294-4210, TWX 910-338-0126 


DOMESTIC REPRESENTATIVES 


ALABAMA 

FLORIDA 

MAINE 

Advanced Components Mktg. 

Delmac Sales, Inc. 

See Massachusetts 

Huntsville 

Longwood 


205-881-5493 

305-898-4688 

MARYLAND 

ARIZONA 

Delmac Sales, Inc. 

New Era Sales, Inc. 

Deerfield Beach 

Severna Park 

Compass Mktg. & Sales, Inc. 

305-427-7788 

301-544-4100 

Phoenix 

602-996-0635 

Delmac Sales, Inc. 

Clearwater 

MASSACHUSETTS 

Compass Mktg. & Sales, Inc. 

813-447-5192 

Kanan Associates 

Tucson 


Needham 

602-293-1220 

GEORGIA 

617-449-7400 

ARKANSAS 

Advanced Comp. Mktg. 

Duluth 

Byrne Associates, (DEC only) 
Maynard 

See Texas 

404-447-5499 

617-897-3131 

CALIFORNIA - NORTHERN 

IDAHO 

MICHIGAN 

|2 Inc. 

See Washington 

R.E.P., Inc. 

Santa Clara 

W. Bloomfield 

408-988-3400 

ILLINOIS - NORTHERN 

313-737-0110 

CALIFORNIA - SOUTHERN 

Oasis Sales Corp. 

Elk Grove Village 

MINNESOTA 

Centaur Corp. 

312-640-1850 

Aldridge Associates 

Irvine 


Eden Prairie 

714-261-2123 

ILLINOIS - SOUTHERN 

612-944-8433 

Centaur Corp. 

San Diego 

See Missouri 

MISSISSIPPI 

619-278-4950 

INDIANA 

See Alabama 

Centaur Corp. 

Calabasas 

Shamrock Associates 

Carmel 

MISSOURI 

818-704-1655 

317-848-5265 

Rush & West Associates 

St. Louis 

COLORADO 

IOWA 

314-965-3322 

Component Sales, Inc. 

Denver (Englewood) 

See Minnesota 

MONTANA 

303-779-8060 

KANSAS 

See Colorado 

CONNECTICUT 

Rush & West Associates 

Olathe 

NEBRASKA 

Kanan Associates 

913-764-2700 

See Missouri 

Brookfield 

203-775-0494 

KENTUCKY 

NEVADA - NORTHERN 

DELAWARE 

See Ohio 

See California — Northern 

See Pennsylvania-Eastern 

LOUISIANA 

NEVADA - SOUTHERN 

DISTRICT OF COLUMBIA 

See Maryland 

See Texas 

See Arizona 

UNITRODE INTEGRATED CIRCUITS 




7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 

TEL. (603) 424-2410 • TELEX 95-3040 11-3 printed in u.s.a 


SALES OFFICES 


DOMESTIC REPRESENTATIVES (Continued) 

NEW HAMPSHIRE OKLAHOMA 


Nova Marketing Inc. 
Tulsa 


See Massachusetts 

NEW JERSEY - NORTHERN 

T.A.M., Inc. 

Cedar Knolls 
201 - 285-9094 

NEW JERSEY - SOUTHERN 

See Pennsylvania — Eastern 

NEW MEXICO 

Compass Mktg. & Sales, Inc. 

Albuquerque 

505 - 888-0800 

NEW YORK - UPSTATE 

Reagan/Compar Albany, Inc. 
Albany 

518 - 489-7408 

Reagan/Compar Albany, Inc. 
New Hartford 
315 - 732-3775 

Reagan/Compar Albany, Inc. 

Fairport 

716 - 271-2230 

Reagan/Compar Albany, Inc. 

Endwell 

607 - 723-8743 

Reagan/Compar Albany, Inc. 

Endwell 

607 - 754-8946 

Reagan/Compar Albany, Inc. 

Rochester 

716 - 271-2230 

NORTH CAROLINA 

Prime Components, Inc. 

Charlotte 

704 - 522-1150 

NORTH DAKOTA 

See Minnesota 

OHIO 

Thompson and Associates 
Dayton 

513 - 435-7733 

Thompson and Associates 

Beachwood 

216 - 831-6277 

Thompson and Associates 
Orient 

614 - 877-4304 


918 - 660-5105 

OREGON 

Jas. J. Backer Company 

Portland 

503 - 297-8744 

PENNSYLVANIA - EASTERN 

Omni Sales 
Erdenheim 
215 - 233-4600 

PENNSYLVANIA - WESTERN 

See Ohio 

PUERTO RICO 

Dynamic Sales, Inc. 

Cuguas 

809 - 746-1091 

RHODE ISLAND 

See Massachusetts 

SOUTH CAROLINA 

See North Carolina 

SOUTH DAKOTA 

See Minnesota 

TENNESSEE 

See Alabama 

TEXAS 

Nova Marketing, Inc. 

Dallas 

214 - 750-6082 

Nova Marketing, Inc. 

Austin 

512 - 343-2321 

Nova Marketing, Inc. 

Houston 

713 - 988-6082 

UTAH 

Component Sales, Inc. 

Salt Lake City 
801 - 268-8440 


VERMONT 

See Massachusetts 

VIRGINIA 

See Maryland 

WASHINGTON 

Jas. J. Backer Company 
Seattle 

206 - 285-1300 

WEST VIRGINIA 

See Western Pennsylvania 

WISCONSIN 

Oasis Sales Corp. 

Brookfield 

414 - 782-6660 

WYOMING 

See Colorado 

CANADA 

Kaytronics, Inc. 

Quebec 

514 - 367-0101 

Kaytronics, Inc. 

Concord, Ontario 
416 - 669-2262 

Kaytronics, Inc. 

Surrey 

604 - 581-5005 

Kaytronics, Inc. 

Kanata, Ontario 
613 - 564-0080 
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BRANCHES 


DOMESTIC DISTRIBUTORS 
ALABAMA 

Hall-Mark/Huntsville 

205 - 837-8700 

Hamilton/Avnet/Huntsville 

205 - 837-7210 

ARIZONA 

Hall-Mark/Phoenix 

602 - 437-1200 

Hamilton/Avnet/Tempe 

602 - 231-5100 

CALIFORNIA - NORTHERN 

Capsco Sales/Sunnyvale 
408 - 734-3020 

Hall-Mark/San Jose 
408 - 432-0900 

Hall Mark/Citrus Heights 
916 - 722-8600 

Hamilton/Avnet/Sacramento 

916 - 925-2216 

Hamilton/Avnet/Sunnyvale 

408 - 743-3355 

Zeus Components/San Jose 
408 - 998-5121 

CALIFORNIA - SOUTHERN 

Avnet Electronics/Costa Mesa 
714 - 754-6111 

Hamilton/Avnet/Ontario 

714 - 989-4602 

Hamilton/Avnet/San Diego 
619 - 571-7510 

Hall-Mark/Torrance 

213 - 217-8400 

Hall-Mark/San Diego 
619 - 268-1201 

Hall-Mark/Canoga Park 
818 - 716-7300 

Hall-Mark/Tustin 

714 - 669-4700 

Hamilton Electro Sales/Costa Mesa 
714 - 641-4152 

Hamilton/Avnet/Chatsworth 

818 - 700-6500 

Hamilton/Avnet/Gardena 

213 - 217-6700 

Zeus Components/Yorba Linda 
714 - 921-9000 

COLORADO 

Hail-Mark/Englewood 

303 - 790-1662 

Hamilton/Avnet/Englewood 

303 - 779-9998 


CONNECTICUT 

Hall-Mark/Wallingford 

203 - 269-0100 

Hamilton/Avnet/Danbury 

203 - 797-2800 

Lionex Corporation/Meriden 
203 - 237-2282 

FLORIDA 

Hall-Mark/Ft. Lauderdale 
305 - 971-9280 

Hall-Mark/Orlando 

305 - 855-4020 

Hall-Mark/Clearwater 

813 - 530-4543 

Hamilton/Avnet/Ft. Lauderdale 
305 - 971-2900 

Hamilton/Avnet/St. Petersburg 
813 - 576-3930 

Hamilton/Avnet/Winter Park 
305 - 628-3888 

Zeus Components/Oviedo 
305 - 365-3000 

GEORGIA 

Hall-Mark/Norcross 

404 - 447-8000 

Hamilton/Avnet/Norcross 

404 - 447-7507 

ILLINOIS 

Hall-Mark/Wooddale 

312 - 860-3800 

Hamilton/Avnet/Bensenville 

312 - 860-7700 

INDIANA 

Hall-Mark/Indianapolis 

317 - 872-8875 

Hamilton/Avnet/Carmel 

317 - 844-9333 

IOWA 

Hamilton/Avnet/Cedar Rapids 
319 - 362-4757 

KANSAS 

Hall-Mark/Lenexa 

913 - 888-4747 

Hamilton/Avnet/Overland Park 
913 - 888-8900 

MARYLAND 

Hall-Mark/Columbia 

301 - 988-9800 

Hamilton/Avnet/Columbia 

301 - 995-3500 


Lionex Corporation/Columbia 
301 - 964-0040 

Zeus Components/Columbia 
301 - 997-1118 

MASSACHUSETTS 

Hall-Mark/Billerica 

617 - 935-9777 

Hamilton/Avnet/Peabody 

617 - 531-7430 

Lionex Corporation/Wilmington 
617 - 272-9400 

Zeus Components/Lexington 
617 - 863-8800 

MICHIGAN 

Hamilton/Avnet/Grand Rapids 
616 - 243-8805 

Hamilton/Avnet/Livonia 

313 - 522-4700 

MINNESOTA 

Hail-Mark/Eden Prairie 
612 - 941-2600 

Hamilton/Avnet/Minnitonka 

612 - 932-0600 

MISSOURI 

Hail-Mark/Earth City 

314 - 291-5350 

Hamilton/Avnet/Earth City 
314 - 344-1200 

NEW HAMPSHIRE 

Hamilton/Avnet/ Manchester 

603 - 624-9400 

NEW JERSEY - NORTHERN 

Hail-Mark/Fairfield 

201 - 575-4415 

Hamilton/Avnet/ Fairfield 
201 - 575-3390 

Lionex Corporation/Fairfield 
201 - 227-7960 

Nu Horizons Electronics/Fairfield 
201 - 882-8300 

NEW JERSEY - SOUTHERN 

Hall-Mark/Mt. Laurel 
609 - 424-7300 

Hamilton/Avnet/Cherry Hill 

604 - 424-0100 

NEW MEXICO 

Hamilton/Avnet/Albuquerque 

505 - 765-1500 
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BRANCHES 


DOMESTIC DISTRIBUTORS (Continued) 
NEW YORK 

Hall-Mark/Ronkonkoma 

516 - 737-0600 

Hamilton/Avnet/Hauppauge 

516 - 231-9800 

Hamilton/Avnet/Rochester 

716 - 475-9130 

Hamilton/Avnet/Syracuse 

315 - 437-2641 

Lionex Corporation/Hauppauge 
516 - 273-1660 

Nu Horizons Electronics/No. Amityville 
516 - 226-6000 

Zeus Components/Port Chester 
914 - 937-7400 

NORTH CAROLINA 

Hail-Mark/Raleigh 

919 - 872-0712 

Hamilton/Avnet/Raleigh 

919 - 878-0810 

OHIO 

Hall-Mark/Solon 

216 - 349-4632 

Hall-Mark/Worthington 

614 - 888-3313 

Hamilton/Avnet/Centerville 

513 - 439-6700 

Hamilton/Avnet/Warrensville Heights 
216 - 831-3500 

Ha m i Iton/ Avnet/ Westervi Me 
614 - 882-7004 

OREGON 

Hamilton/Avnet/Lake Oswego 
503 - 635-8831 

PENNSYLVANIA - EASTERN 

Lionex Corporation/Horsham 
215 - 443-5150 

PENNSYLVANIA - WESTERN 

Hamilton/Avnet/ Pittsburgh 
412 - 281-4150 

TEXAS 

Hall-Mark/Austin 

512 - 258-8848 

Hall-Mark/Dallas 

214 - 341-1147 

Hall-Mark/Houston 

713 - 781-6100 


Hamilton/Avnet/Austin 

512 - 837-8911 

Hamilton/Avnet/Houston 

713 - 780-1771 

Hamilton/Avnet/Irving 

214 - 550-7755 

Lenert Co., Inc./Houston 
713 - 225-1465 

Zeus Components/Richardson 
214 - 783-7010 

UTAH 

Hall-Mark/Murray 

801 - 268-3779 

Hamilton/Avnet/Salt Lake City 
801 - 972-2800 

WASHINGTON 

Hamilton/Avnet/ Bellevue 
206 - 453-5844 

WISCONSIN 

Hall-Mark/New Berlin 
414 - 797-7844 

Hamilton/Avnet/New Berlin 
414 - 784-4510 

CANADA 

Future Electronics/Downsview 
416 - 638-4771 

Future Electronics/Ottawa 
613 - 820-8313 

Future Electronics/Point Claire 
514 - 694-7710 

Future Electronics/Vancouver 
604 - 294-1166 

Hamilton/Avnet/Calgary 

403 - 250-9380 

Hamilton/Avnet/Montreal 

514 - 335-1000 

Hamilton/Avnet/Nepean 

613 - 226-1700 

Hamilton/Avnet/Mississauga 

416 - 677-7432 

Hamilton/Avnet/Burnaby 

604 - 437-6667 

INTERNATIONAL 

Hamilton/Avnet/Gardena 

213 - 327-3693 

Hamilton/Avnet/Westbury 

516 - 997-6868 
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UNITRODE 


Effective Date: April 30, 1987 


UNITRODE SALES OFFICES 

Corporate International and Asian Regional Sales Office, 5 Forbes Road, Lexington, MA 02173 Tel. (617) 861-6540, 
Telex 95-1064 

Unitrode Electronics GmbH, Hauptstrasse 68, 8025 Unterhaching, West Germany Tel. 089/6190 04/05/06, 

Telex 841-05-22-109 

Unitrode (U.K.) Limited, 6 Cresswell Park, Blackheath, London SE3 9RD, United Kingdom Tel. 01-318-1431/4, 
Telex 896270 

Unitrode S.R.L, Via Dei Carracci, 5, 20149 Milano, Italy Tel. 02/439-6831, 434 604, Telex 310085 UNITRD I 
Unitrode-lreland, Ltd., Industrial Estate, Shannon, County Clare, Ireland Tel. 353-61-62377, Telex 26233 
Unitrode Electronics Asia, Ltd., Suite 1221, New World Center East Wing, 24 Salisbury Rd., Kowloon, Hong Kong 
Tel. (3) 722-1101, Telex 39826 


INTERNATIONAL AGENTS - DISTRIBUTORS 


AUSTRALIA 


FINLAND 


GERMANY 


VSI Electronics (Australia) Pty. Ltd. Turion Oy 


P.O. Box 578 
Crows Nest N.S.W. 2056 
Tel: 439-4655 
TELEX: 22846 


Graniittito 9 
00710 Helsinki 
Tel: 3580 372144 
TELEX: 124388 Eurio SF 


Unitrode Electronics GmbH 
Hauptstrasse 68 
8025 Unterhaching 
Tel: 089/619004-006 
Telex: 522109 


AUSTRIA 

Dahms Elektronik 
Wienerstrasse 287 
A-8051 Graz 
Tel: (0316) 64.0.30 
TELEX: 031099 

BELGIUM 

J.P. Lemaire 
Limburg Stirum 243 
1810 Wemmel 
Tel: (2) 460 0560 
TELEX: 846-24610 

BRAZIL 

Hi Tech Comercial & Industrial Ltda. 
Av. Eng. Luiz Carlos Berrini, 

801, Cj. 121 
Cidade Moncors 
04 571 Sao Paulo 
Tel: (011) 533-9566 
TELEX: 11-53288 HT HB BR 

DENMARK 

Ditz Schweitzer A/S 
Vallensbaekvej 41 
DK-2600 Glostrup 
Tel: 2-45 30 44 
TELEX: 855-33257 

EASTERN EUROPE 

Dahms Elektronik 
Pilgramstrasse 11 
A-1050 Wien 
Tel: (0222) 543321 
TELEX: 134583 

Dahms Elektronik 
Wienerstrasse, 287 
A-8051 Graz 
Tel: (0316) 64.0.30 
TELEX: 031099 


FRANCE 

REPRESENTATIVE 

Unirep 

Zone d'activites “Les Godets" 

C.E. N.433 

91374 Verrieres le Buisson Cedex 
Tel: (1) 69200364 
TELEX: 603131 

DISTRIBUTORS 

Spetelec 

Boite Postale N.203 
78051 Saint-Quentin Yvelines Cedex 
Tel: (1) 30582424 
TELEX: 697347 

Spetelec 

41, Avenue des Freres Lumiere 
69680 Chassieux 
Tel: (16) 78401006 
TELEX: 375444 

C.C.I. 

Boite Postale N.92 
Zone Industrielle 
5, Rue Marcelin Berthelot 
92160 Antony Cedex 
Tel: (1) 46662182 
TELEX: 203881 

C.C.I. 

67, Rue Bataille 
69008 Lyon 
Tel: 78742375 
TELEX: 375456 

Spetelec 

281 Route D'Espagne 
31076 Toulouse Cedex 
Tel: 61.41.11.81 
TELEX: 531747F 


EBV Elektronik GmbH 
Oberweg 6 
8025 Unterhaching 
Tel: 089/611051 
TELEX: 524535 

EBV Elektronik GmbH 
Viersenerstrasse 24 
4040 Neuss 1 
Tel: 02101/530072 
TELEX: 8517605 

EBV Elektronik GmbH 
Schenckstrasse 90 
6000 Frankfurt/M. 99 
Tel: 069/785037 
TELEX: 413590 

EBV Elektronik GmbH 
Kibitzrain 18 
3006 Burgwedel 1 
Tel: 05139/5038 
TELEX: 923694 

EBV Elektronik GmbH 
Alexanderstrasse 42 
7000 Stuttgart 1 
Tel: 0711/247481 
TELEX: 722271 

Metronik GmbH 
Leonhardsweg 2 
8025 Unterhaching 
Tel: 089/611080 
TELEX: 17-897434 

Metronik GmbH 
Siemensstrasse 4-6 
6805 Heddesheim 
Tel: 06203/4701 
TELEX: 465035 

Metronik GmbH 
Laufamholzstrasse 118 
8500 Nurnberg 
Tel: 0911/590061-62 
TELEX: 626205 
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INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 


Metronik GmbH 
Osterbrooksweg 61 
2000 Schenefeld 
Tel: 040-8304061 
TELEX: 2162488 

Metronik GmbH 
Semerteichstrasse 92 
4600 Dortmund 30 
Tel: 0231/423037-38 
TELEX: 8227082 

Metronik GmbH 
Ldwenstrasse 37 
7000 Stuttgart 70 
Tel: 0711/764033 
TELEX: 7255228 

Frehsdorf GmbH 
Carl-Zeiss-Strasse 3 
2085 Quickborn 
Tel: 04106/71058 
TELEX: 213693 

Frehsdorf GmbH 
Schluterstrasse 30 
1000 Berlin 12 
Tel: 030/8839040 
TELEX: 185418 

HONG KONG 

Unitrode Electronics Asia, Ltd. 
Suite 1221 

New World Center East Wing 
24 Salisbury Rd. 

Kowloon, Hong Kong 
Tel: (3) 722-1101 
TELEX: 39826 

INDIA 

Sujata Sales and 
Exports Ltd. 

112 Bajaj Bhavan 
nth Floor 
Nariman Point 
Bombay 400 021 
Tel: 234658 
TELEX: 011-3855 

IRELAND 

New England Technical Sales Ltd. 
The Diamond 
Malahide, Co. Dublin 
Tel: (01) 450-635 
TELEX: 31407 

New England Technical Sales Ltd. 

5 Dalton Drive 

Salthill 

Galway 

Tel: 061-353-91-25899 
TELEFAX: 353-91-24885 

ISRAEL 

S.T.G. International, Ltd. 

10 Huberman Street 
P.O. Box 1276 
Tel-Aviv 61012 
Tel: 03-248231 
TELEX: 922-342229 


ITALY 

Unitrode S.r.L 
Via dei Carraci, 5 
20149 Milano Ml 
Tel: (02) 498 2278 
(02) 498 5121 
TELEX: 310085 UNITRD I 

REPRESENTATIVES 
C.F. S.n.c. 

Via Badia di Cava n. 62 
00142 Roma 
Tel: (06) 540 5655 
TELEFAX: (06) 542 5279 

Dimac Elettronica S.r.L 
Via S.M. alle Selve, 4 
20046 Biassono Ml 
Tel: (039) 491 514 
TELEX: 316518 DIMAC I 

DISTRIBUTORS 

Eurelettronica S.p.A. 

Via E. Fermi n. 8 
20090 ASSAGO (Ml) 

Tel: (02) 4880022 
TELEX: 350037 

Fanton Bologna S.r.L 

Via 0. Simoni n. 5 

40011 ANZOLA DELL’EMILIA (BO) 

Tel: (051) 73.47.00 

TELEX: 216613 

Fanton Firenze S.r.L 
Via L. Landucci 26 
50136 FIRENZE 
Tel: (055) 670163 
TELEFAX: (055) 663661 

Fanton Milano S.r.L 
Via Melegnano, 20 
20019 Settimo Milanese Ml 
Tel: (02) 328 7312 
TELEX: 350853 FAN Ml I 

Fanton Electronic System S.r.L 
Via Savelli, 1 
35129 Padova PD 
Tel: (049) 77 5822 
TELEX: 430192 FANTON I 

Fanton Torino S.r.L 
Via Cimabue, 5 
10137 Torino TO 
Tel: (Oil) 309 7347 
TELEX: 224129 FANTON I 

JAPAN 

Rikei Corporation 
Shinjuku Nomura Bldg. 

1-26-2 Nishi-Shinjuku 
Shinjuku-Ku 
Tokyo 160 

Tel: Tokyo (03) 345-1411 
TELEX: J24208, J23772 
Cable Address: “RIKEI- 
GOOD” Tokyo 
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KOREA R.O.K. 

Duksung Trading Co. 

Room 603, Sam Bo Bldg. 

13-2 Yeoeuido-Dong 
Young Deung Po-Ku, Seoul 
Tel: (02) 785-2877, 785-2878 
TELEX: 0801 23459 Duksung Seoul 

MS International Corp. 

Room 1205, Haechun Building 
831 Yucksam-Dong 
Kangnam-Ku, Seoul 
Tel: 553-0901 
TELEX: K24965 MSIPARK 

NETHERLANDS 

Koning en Hartman 
P.O. Box 125 
2600 AC Delft 
Tel: 15609906 
TELEX: 38250 

NEW ZEALAND 

Professional Electronics 
22 A Milford Road 
Auckland 

Tel: 493-029, 499-048 
TELEX: NZ21084 

NORWAY 

Neco A/S 
Jerikoveien 22 
Box 29-Lindeberg Gaard 
1007 0510 10 
Tel: 02-301230 
TELEX: 19247 

SINGAPORE 

Desner Electronic PTE, Ltd. 

190 Middle Road, #16-07 
Fortune Centre 
Singapore 0718 
Tel: 337-3188 
TELEX: RS 39191 DTD 

SOUTH AFRICA 

Electrolink (Pty) Ltd. 

Fleetway House 
Martin Hammerschlag Way 
Foreshore, Capetown 
Tel: 215350 
TELEX: 5-27320 

SPAIN 

Monolithic 

C. Fresser, 52-54 

Barcelona 08026 

Tel: (3) 347 4155-347 4214 

TELEX: 98 206 
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INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 
SWEDEN 

Betoma Components AB 
Box 1457 
S-171 28 Solna 
Tel: 468 734 8300 
TELEX: 19389 

DISTRIBUTOR 

Fertronic AB 
Box 1279 
171 24 Solna 
Tel: 08-830060 
TELEX: 11181 

SWITZERLAND 

Elkom AG 
Dorfstrasse 30 
CH-5624 BCinzen 
Tel: 57-462191 
TELEX: 57302 

TAIWAN 

Holy Stone Enterprise Co. 

8-2 FI. 15 Hsin I Road Section 2 
Taipei 106 
Tel: 341-2493 
TELEX: 13867 HOLYSTON 

UNITED KINGDOM 

Unitrode (U.K.) Limited 
6 Cresswell Park 
Blackheath London SE3 9RD 
Tel: 01-318-1431/4 
TELEX: 896270 
TELEFAX: 01-318-2549 

REPRESENTATIVE 

Candy Electronic Components 
4 Hillary Road 
Penenden Heath 
Maidstone, Kent ME14 2JP 
Tel: 0622-677275 
TELEX: 965998 

DISTRIBUTORS 

The House of Power 
(Semiconductors) 

□ectron House 
Cray Avenue 

Orpington, Kent BR5 3QJ 
Tel: 0689 71531/7 
TELEX: 8951945 

Thame Components Ltd. 

(Semiconductors) 

Thame Park Road 
Thame, Oxon 0X9 3XD 
Tel: 084-421-4561 
TELEX: 837917 

Nortronic Associates, Ltd. 

(Capacitors) 

Gateway, Crewe Gates Industrial Estate 
Crewe CWl lYY 
Tel: 0270 586161 
TELEX: 36509 
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To ensure receiving a copy of Unitrode’s 1988/1989 Integrated 
Circuits Databook, please fill in the information below. 


Name 

Title □ Design Engineer 

□ Components Engineer 

□ Purchasing Agent 

-Company ^ 

Add ress 

(Street) 


□ Quality Assurance Engineer 

□ Other 

Please specify 

Division 

Mail Stop/ Dept. 


(City) (State) (Country) (Zip) 

Telephone 

(Area Code) 


Which of the following most accurately describes your company’s 
business: 

□ Industrial Controls □ Radio Communications 

□ Military □ Data Processing 

□ Telecommunications □ Instrumentation 

□ Other 

Please specify 

Can you list names and job titles of other persons In your 
organization who would use copies of our Databook? 


Name 


Title 


Company 


Division 


Street 


Mail Stop 


City 

State 

Country 

Zip 

Name 


Title 


Company 


Division 


Street 


Mail Stop 


City 

State 

Country 

Zip 


MAIL TO: 

Unitrode Corporation 
5 Forbes Road 
Lexington, MA 02173 U.S.A. 

Attn: Advertising Manager 
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